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EXAMPLE ADJUSTABLE PARAMETERS:
Consumer-adjustable parameters:

+ Pool pump

+ Time of day, day of week, month
« HVAC and water heater temperatures:

» Seasonal temperature range

- Away temperatures
Time of day temperature schedule
» Day of week temperature schedule
Month of year temperature range

+ Location temperature set points (upstairs, downstairs)
« Windows (open/close)
« Fans
* Dryer - time of use
+ Dishwasher — time of use

+ Commercial building control
 Chiller
+ Cooling tower
» Discharge air
+ Boiler
+ Hydronic
» Built-up air handling unit

Supplier-adjustable parameters:

» Pool pump — time of use

« Water heater — temperature range
+ Thermostat — temperature range
+ HVAC - temperature range

+ Dryer - time of use

+ Dishwasher - time of use

Rates

+ Supplied by one of market participants per spec

+ Example: pricing and time of use dependent upon grid
stability and usage

FIG. 22
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METHOD AND APPARATUS FOR ACTIVELY
MANAGING ELECTRIC POWER OVER AN
ELECTRIC POWER GRID

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the field of elec-
trical power load control systems, and more particularly, to a
method and system and apparatus for actively controlling
power load management for customers attached to the electric
power grid, and for creating operating reserves for utilities
and market participants.

2. Description of Related Art

The increased awareness of the impact of carbon emissions
from the use of fossil fueled electric generation combined
with the increased cost of producing base load, intermediate,
and peak power during high load conditions has increased the
need for alternative solutions utilizing load control as a
mechanism to defer, or in some cases eliminate, the need for
the deployment of additional generation capacity by electric
utilities, generating utilities, or distributing utilities or any
grid operator or market participant whose primary function is
to facilitate the production, distribution, operation and sale of
electricity to individual consumers. Existing electric utilities
are pressed for methods to defer or eliminate the need for
construction of fossil-based or macro large scale electricity
generation while dealing with the need to integrate new
sources of generation such as renewable energy sources or
distributed energy resources whose production and integra-
tion into the electric grid is problematic.

Today, a patchwork of systems exist to implement demand
response load management programs, whereby various radio
subsystems in various frequency bands utilize “one-way”
transmit only methods of communication or most recently
deployed a plurality of proprietary two-way methods of com-
munications with electric customers or their load consuming
device and measurement instruments including, by way of
example, “smart meters.” Under these programs, radio fre-
quency (RF)-controlled relay switches are typically attached
to a customer’s air conditioner, water heater, or pool pumps,
or other individual load consuming devices. A blanket com-
mand is sent out to a specific geographic area whereby all
receiving units within the range of the transmitting station
(e.g., typically a paging network) are turned off during peak
hours at the election of the power utility. After a period of time
when the peak load has passed, a second blanket command is
sent to turn on those devices that have been turned off. This
“load shifting” has the undesired effect of occasionally caus-
ing “secondary peaks” and generally require consumer incen-
tives for adoption.

Most recent improvements that follow the same concepts
are RF networks that utilize a plurality of mesh based, non-
standard communications protocols that utilize IEEE
802.15.4 or its derivatives, or “ZigBee” protocol end devices
to include load control switches, programmable thermostats
that have pre-determined set points for accomplishing the
“off” or “cut” or reduce command simultaneously or pre-
loaded in the resident memory of the end device. The pro-
grammable thermostats or building control systems (PCTs)
movethe set point of the HVAC (or affect another inductive or
resistive device) or remove a resistive device from the electric
grid thus accomplishing the same “load shifting” effect pre-
viously described. All of these methods require and rely on
statistical estimations for measuring their effectiveness and
use historical information that are transmitted via these same
“smart meters” to provide after-the-fact evidence that an indi-
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vidual device or consumer complied with the demand
response event. Protocols that are employed for these meth-
ods include “Smart Energy Profiles Versions 1 & 2” and its
derivatives to provide utilities and their consumers an attempt
at standardization amongst various OEMs of PCTs, switch-
ing, and control systems through a plurality of protocols and
interfaces. These methods remain crude and do not include
real time, measurement, verification, settlement and other
attributes necessary to have their Demand Response effects
utilized for effective Operating Reserves with the exception
of limited programs for “Emergency” Capacity Programs.
Furthermore, for effective settlement and control of mobile
storage devices such as Electric Vehicles, these early “Smart
Grid” devices are not capable of meeting the requirements of
Federal Energy Regulatory Commission (FERC), North
American Electric Reliability Corp. (NERC) or other stan-
dards setting bodies such as the National Institute of Science
& Technology (NIST) Smart Grid Roadmap.

While telemetering has been used for the express purpose
of reporting energy usage, no cost effective techniques exist
for calculating power consumption, carbon gas emissions,
sulfur dioxide (SO,) gas emissions, and/or nitrogen dioxide
(NO,) emissions, and reporting the state of a particular device
under the control of a two-way positive control load manage-
ment device or other combinations of load control previously
described. In particular, one way wireless communications
devices have been utilized to de-activate electrical appli-
ances, such as heating, ventilation, and air-conditioning
(HVAC) units, water heaters, pool pumps, and lighting or any
inductive or resistive device that is eligible as determined by
a utility or market participant for deactivation, from an exist-
ing electrical supplier or distribution partner’s network.
These devices have typically been used in combination with
wireless paging receivers or FM radio carrier data modula-
tion, or a plurality of 2-way proprietary radio frequency (RF)
technologies, that receive “on” or “off” commands from a
paging transmitter or transmitter device. Additionally, the
one-way devices are typically connected to a serving electri-
cal supplier’s control center via landline trunks, or in some
cases, microwave transmission to the paging transmitter. The
customer subscribing to the load management program
receives a discount or some other form of economic incentive,
including direct payments for allowing the serving electrical
supplier (utility), retail electric provider or any other market
participant to connect to their electrical appliances with a
one-way load control switch and deactivate those appliances
during high energy usage periods. This technique of demand
response is used mostly by utilities or any market participant
for “peak shifting” where the electric load demand curve is
moved from a peak period to a less generation intensive time
interval and are favored by rate-based utilities who earn capi-
tal returns of new power plants. These methods are previous
art and generally no conservation of energy is measured. In
many instances, secondary peak periods occur when the
cumulative effect of all the resistive and inductive devices are
released from the “off” state simultaneously.

While one-way devices are generally industry standard and
relatively inexpensive to implement, the lack of a return path
from the receiver, combined with the lack of information on
the actual devices connected to the receiver, make the system
highly inefficient and largely inaccurate for measuring the
actual load shed to the serving utility or compliant with mea-
surement and verification for presenting a balancing authority
or independent system operator for operating reserves. While
the differential current draw is measurable on the serving
electric utility’s transmission lines and at electrical bus or
substations, the actual load shed is approximate and the loca-
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tion of the load deferral is approximated at the control center
of the serving utility or other statistical methods are consid-
ered to approximate the individual or cumulative effect on an
electric utility grid. The aforementioned “two-way” systems
are simultaneously defective in addressing real time and near
real time telemetry needs that produce generation equivalen-
cies that are now recognized by FERC Orders such as FERC
745 where measurable, verifiable Demand Response “nega-
watts”, defined as real time or near real time load curtailment
where measurement and verification can be provided within
the tolerances required under such programs presented by
FERC, NERC, or the governing body that regulate grid opera-
tions. The aforementioned “smart meters” in combination
with their data collection systems commonly referred to as
“Advanced Metering Infrastructure” generally collect inter-
val data from meters in HISTORICAL fashion and report this
information to the utility, market participant or grid operator
AFTER the utility or grid operator has sent notice for curtail-
ment events or “control events” to initiate due to high grid
stress that includes lack of adequate operating reserves to
meet demand, frequency variations, voltage support and any
other grid stabilizing needs as identified by the utility or grid
operator and published and governed by FERC, NERC, or
other applicable regulations.

One exemplary telemetering system is disclosed in U.S.
Pat. No. 6,891,838 B1. This patent describes details sur-
rounding a mesh communication of residential devices and
the reporting and control of those devices, via WANS, to a
computer. The stated design goal in this patent is to facilitate
the “monitoring and control of residential automation sys-
tems.” This patent does not explain how a serving utility or
customer could actively control the devices to facilitate the
reduction of electricity. In contrast, this patent discloses tech-
niques that could be utilized for reporting information that is
being displayed by the serving utility’s power meter (as do
many other prior applications in the field of telemetering).

An additional exemplary telemetering system is disclosed
in U.S. Patent Application Publication No. 2005/0240315 A1.
The primary purpose of this published application is not to
control utility loads, but rather “to provide an improved inter-
active system for remotely monitoring and establishing the
status of a customer utility load.” A stated goal of this publi-
cation is to reduce the amount of time utility field personnel
have to spend in the field servicing meters by utilizing wire-
less technology.

Another prior art system is disclosed in U.S. Pat. No.
6,633,823, which describes, in detail, the use of proprietary
hardware to remotely turn off or turn on devices within a
building or residence. While initially this prior art generally
describes a system that would assist utilities in managing
power load control, the prior art does not contain the unique
attributes necessary to construct or implement a complete
system. In particular, this patent is deficient in the areas of
security, load accuracy of a controlled device, and methods
disclosing how a customer utilizing applicable hardware
might set parameters, such as temperature set points, cus-
tomer preference information, and customer overrides,
within an intelligent algorithm that reduces the probability of
customer dissatisfaction and service cancellation or churn.

Attempts have been made to bridge the gap between one-
way, un-verified power load control management systems
and positive control verified power load control management
systems. However, until recently, technologies such as smart
breakers and command relay devices were not considered for
use in residential and commercial environments primarily
due to high cost entry points, lack of customer demand, and
the cost of power generation relative to the cost of implement-
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ing load control or their ability to meet the measurement,
telemetry, verification requirements of the grid operator or
ISO. Furthermore, submetering technology within the smart
breaker, load control device, command relay devices or build-
ing control systems have not existed in the prior art.

One such gap-bridging attempt is described in U.S. Patent
Application Publication No. US 2005/0065742 A1. This pub-
lication discloses a system and method for remote power
management using IEEE 802 based wireless communication
links. The system described in this publication includes an
on-premise processor (OPP), a host processor, and an end
device. The host processor issues power management com-
mands to the OPP, which in turn relays the commands to the
end devices under its management. While the disclosed OPP
does provide some intelligence in the power management
system, it does not determine which end devices under its
control to turn-oft during a power reduction event, instead
relying on the host device to make such decision. For
example, during a power reduction event, the end device must
request permission from the OPP to turn on. The request is
forwarded to the host device for a decision on the request in
view of the parameters of the on-going power reduction event.
The system also contemplates periodic reading of utility
meters by the OPP and storage of the read data in the OPP for
later communication to the host device. The OPP may also
include intelligence to indicate to the host processor that the
OPP will not be able to comply with a power reduction
command due to the inability of a load under the OPP’s
control to be deactivated. However, neither the host processor
nor the OPP determine which loads to remove in order to
satisfy a power reduction command from an electric utility,
particularly when the command is issued by one of several
utilities under the management of a power management sys-
tem. Further, neither the host processor nor the OPP tracks or
accumulates power saved and/or carbon credits earned on a
per customer or per utility basis for future use by the utility
and/or customer. Still further, the system of this publication
lacks a reward incentive program to customers based on their
participation in the power management system. Still further,
the system described in this publication does not provide for
secure communications between the host processor and the
OPP, and/or between the OPP and the end device. As a result,
the described system lacks many features that may be neces-
sary for a commercially viable implementation.

Customer profiles are often used by systems for a variety of
reasons. One reason is to promote customer loyalty. This
involves keeping information about not only the customer,
but about the customer’s actions as well. This may include
information about what the customer owns (i.e., which
devices), how they are used, when they are used, etc. By
mining this data, a company can more effectively select
rewards for customers that give those customers an incentive
for continuing to do business with the company. This is often
described as customer relationship management (CRM).

Customer profile data is also useful for obtaining feedback
about how a product is used. In software systems, this is often
used to improve the customer/user experience or as an aid to
testing. Deployed systems that have customer profiling com-
municate customer actions and other data back to the devel-
opment organization. That data is analyzed to understand the
customer’s experience. Lessons learned from that analysis is
used to make modifications to the deployed system, resulting
in an improved system.

Customer profile data may also be used in marketing and
sales. For instance, a retail business may collect a variety of
information about a customer, including what customers look
at on-line and inside “brick-and-mortar” stores. This data is
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mined to try to identify customer product preferences and
shopping habits. Such data helps sales and marketing deter-
mine how to present products of probable interest to the
customer, resulting in greater sales.

However, the collection of customer profile information by
power utilities, retail electric providers or any other market
participant that sells retail electric commodity to end custom-
ers (residential or commercial) has been limited to customer
account information of gross electrical consumption and
inferential information about how power is being consumed
but requires customers to take their own actions. Because
power utilities, REPs, market participants typically are
unable to collect detailed data about what is happening inside
a customer’s home or business, including patterns of energy
consumption by device, there has been little opportunity to
create extensive customer profiles.

Thus, none of the prior art systems, methods, or devices
provide complete solutions for actively controlling power
load management for customers attached to the electric grid,
and for creating operating reserves for utilities and market
participants. Therefore, a need exists for a system and method
for active power load management that is optionally capable
of tracking power savings for the individual customer as well
as the electric utility and any other market participant to
thereby overcome the shortcomings of the prior art.

SUMMARY OF THE INVENTION

For applications of electrical power load management, the
present invention provides for systems and methods for
actively controlling power load management for customers
attached to the electric grid and for creating operating
reserves for utilities and market participants. The present
invention further provides additional tracking of power sav-
ings for both the individual customer, broadly defined as any
consumer of electrical power whether this is an individual
residential consumer, a large commercial/industrial customer
or any combination thereof, inclusive of retail electric pro-
viders and market participants as well as the overall electric
utility whether generating or distributing.

Accordingly, the present invention is directed to systems
for managing power on an electric power grid that is con-
structed and configured for supplying and receiving power
from a multiplicity of sources, where the power flows to a
plurality of power consuming devices or is generated by a
plurality of power generation and storage solutions that are
enabled and disabled by a plurality of controllable devices,
wherein the system includes: a server comprising a command
processor operable to receive or initiate power control com-
mands and issue power control event messages responsive
thereto, at least one of the power control commands requiring
a reduction in an amount of electric power consumed by the
plurality of power consuming devices; an event manager
operable to receive the power control event messages, main-
tain at least one power management status relating to each
client device and issue power control event instructions
responsive to the power control event messages that may be
initiated from a market participant, a utility, or an electric grid
operator; a database for storing, information relating to power
consumed by the plurality of power consuming devices and
based upon the amount of power to be reduced to each of the
power consuming devices, generating a first power supply
value (PSV); and a client device manager operably coupled to
the event manager and the database, the client device manager
selecting from the database, based on the information stored
in the database, at least one client device to which to issue a
power control message indicating at least one of an amount of
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electric powerto be reduced or increased and identification of
at least one controllable device to be instructed to disable a
flow of electric power to one or more associated power con-
suming devices responsive to receipt of a power control event
instruction requiring a reduction in a specified amount of
electric power; the plurality of controllable device and corre-
sponding device interfaces facilitating communication of
power control instructions to the controllable devices, the
power control instructions causing the at least one control-
lable device to selectively enable and disable a flow of power
to the power consuming device(s); and a device control man-
ager operably coupled to the controllable device interfaces for
issuing a power control instruction to the controllable devices
through the controllable device interfaces, responsive to the
received power control message, the power control instruc-
tion causing the controllable device(s) to disable a flow of
electric power to at least one associated power consuming
device for reducing consumed power, and based upon the
reduction in consumed power, generating a second power
supply value (PSV) corresponding to the reduction in con-
sumed power.

Also, the present invention is directed to method for man-
aging power on an electric power grid that is constructed and
configured for supplying and receiving power from a multi-
plicity of sources, where the power flows to a plurality of
power consuming devices or is generated by a plurality of
power generation and storage solutions that are enabled and
disabled by a plurality of controllable devices, the method
steps including: initiating power control commands by a
server including a command processor operable to receive or
initiate power control commands and issue power control
event messages responsive thereto, at least one of the power
control commands requiring a reduction in an amount of
electric power consumed by the plurality of power consuming
devices; an event manager receiving the power control event
messages, maintain at least one power management status
relating to each client device and issuing power control event
instructions responsive to the power control event messages
that may be initiated from a market participant, a utility, or an
electric grid operator; storing in a database, information relat-
ing to power consumed by the plurality of power consuming
devices and based upon the amount of power to be reduced to
each of the power consuming devices, generating a first
power supply value (PSV); and a client device manager
selecting from the database, based on the information stored
in the database, at least one client device to which to issue a
power control message indicating at least one of an amount of
electric powerto be reduced or increased and identification of
at least one controllable device to be instructed to disable a
flow of electric power to one or more associated power con-
suming devices responsive to receipt of a power control event
instruction requiring a reduction in a specified amount of
electric power; wherein the plurality of controllable device
and corresponding device interfaces facilitating communica-
tion of power control instructions to the controllable devices,
the power control instructions causing the at least one con-
trollable device to selectively enable and disable a flow of
power to the power consuming device(s); and a device control
manager issuing a power control instruction to the control-
lable devices through the controllable device interfaces,
responsive to the received power control message, the power
control instruction causing the controllable device(s) to dis-
able a flow of electric power to at least one associated power
consuming device for reducing consumed power, and based
upon the reduction in consumed power, generating a second
power supply value (PSV) corresponding to the reduction in
consumed power.
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These and other aspects of the present invention will
become apparent to those skilled in the art after a reading of
the following description of the preferred embodiment when
considered with the drawings, as they support the claimed
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a schematic diagram of an IP-based
active power load management system in accordance with an
exemplary embodiment of the present invention.

FIG. 1B is a schematic diagram illustrating an exemplary
active load client (ALC) smart meter use case example
according to the present invention, wherein the ALLC is shown
as a component of the system of FIG. 1A.

FIG. 1C illustrates a flow diagram of methods according to
the present invention for tracking power usage and power
supply value (PSV) generation.

FIG. 1D illustrates a flow diagram of methods according to
the present invention for tracking state of AL.Cs having an IP
address within an electric power grid system.

FIG. 2 is a schematic diagram illustrating an exemplary
system arrangement for conservation voltage reduction.

FIG. 3 is a schematic diagram an IP-based active energy
management system in accordance with the present inven-
tion, including components of ALC, ALD, IP-based commu-
nication, load control devices and power consuming devices.

PRIOR ART FIG. 4 is a schematic diagram illustrating
generation, transmission, distribution, and load consumption
within a traditional electric power grid.

PRIOR ART FIG. 5 is a schematic diagram illustrating
traditional transmission systems that connect to electric
power sources to distribution facilities, including smart
metering and advanced metering.

PRIOR ART FIG. 6 is a schematic diagram illustrating
power generation or supply balancing with customer demand
for electric power within a grid.

PRIOR ART FIG. 7 is a schematic diagram illustrating
balancing areas and their interaction for power generation or
supply balancing with customer demand for electric power
within a grid.

PRIOR ART FIG. 8 is a schematic diagram illustrating
regions and balancing areas and their interaction for power
generation or supply balancing with customer demand for
electric power within a grid.

PRIOR ART FIG. 9 is a graphic illustration of daily load
shape and base load for electric power grid operations,
including sufficient operating reserves to address peak load
conditions.

PRIOR ART FIG. 10 is a graph illustrating operating
reserves of different types of responsiveness required for
generation and operation of an electric power grid.

PRIOR ART FIG. 11 is a bar graph illustrating applications
of operating reserves of different types and communications
networks and timing for control events.

PRIOR ART FIG. 12 is a schematic illustration for balanc-
ing resources within an electric power grid, including grid
stability elements of frequency.

FIG. 13 is a schematic diagram illustrating components
including ALD, ALC, and IP communications for distributed
grid intelligence within systems of the present invention.

FIG. 14 is a schematic diagram that illustrates smart grid
with decentralized networks according to systems and meth-
ods of the present invention.

FIG. 15 is another schematic diagram that illustrates smart
grid with decentralized networks according to systems and
methods of the present invention.
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FIG. 16 is yet another schematic diagram that illustrates
smart grid with decentralized networks according to systems
and methods of the present invention.

FIG. 17A shows a schematic diagram for supply from
utility, market participant, CSP, and/or REP, ALD/cloud
layer, ICCP, control and dispatch, and micro-grid enablement
according to systems and methods of the present invention.

FIG. 17B is a table illustrating three FERC orders and their
applicability to the electric power grid load management
addressed by the present invention.

FIG. 18 is a graphic illustration of operating reserves cat-
egories and base load.

FIG. 19 is a schematic diagram representing operating
reserves for supply side generation of electric power for a
grid, active load director (ALD), active load client (ALC),
power consuming devices, and other components of the sys-
tems and methods of the present invention for generating
operating reserves of different categories.

FIG. 20 is a schematic diagram showing one embodiment
of'the present invention including power consuming devices,
control devices, ALC, ALD, customer profile, IP communi-
cation network, and grid telemetry components of systems
and methods of the present invention.

FIG. 21A is a schematic diagram showing one embodiment
of the present invention including energy management sys-
tem (EMS), power consuming devices, control devices, AL.C,
ALD, customer profile, IP communication network, and grid
telemetry components of systems and methods of the present
invention.

FIG. 21B is a schematic diagram showing one embodiment
of the present invention including EMS, power consuming
devices, control devices, ALC, ALD, customer profile, IP
communication network, and grid telemetry components of
systems and methods of the present invention.

FIG. 22 is a table of consumer-adjustable parameters as
examples for systems and methods components according to
the present invention.

FIG. 23 is a flow diagram illustrating method steps for
energy consuming devices and the generation of power sup-
ply value (PSV) according to embodiments of the present
invention, including learning profile.

FIG. 24 is a graph showing at least three (3) dimensions for
factors associated with load consumption and devices man-
aging temperature control for corresponding power consum-
ing devices, including the change in factors over time.

FIG. 25 is a graph showing first, second, and additional
standard deviations of for the chart of drift versus time, for use
with the systems and methods of the present invention.

FIG. 26 is a flow diagram for methods of the present inven-
tion for calculating the time period for environmentally
dependent and independent devices and determining or gen-
erating power supply value (PSV) for those power-consum-
ing devices.

FIG. 27 is a schematic diagram illustrating exemplary IP-
based active power load management system in accordance
with one embodiment of the present invention.

FIG. 28 is a schematic diagram illustrating a schematic
diagram of an exemplary active load director in accordance
with one embodiment of the present invention.

FIG. 29 is a schematic diagram illustrating a schematic
diagram of an exemplary active load client in accordance with
one embodiment of the present invention.

FIG. 30 is a flow diagram illustrating steps in a method for
updating information relating to AL.Cs and/or ALD database.

FIG. 31 provides a schematic diagram illustrating analytics
for how the system and methods of the present invention
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provides additional operating (e.g., regulating, spinning and/
or non-spinning) reserve to a power utility, market partici-
pant, grid operator, etc.

FIG. 32 illustrates a screen shot of an exemplary web
browser interface through which a customer may designate
his or her device performance and energy saving preferences
for an environmentally-dependent, power consuming device
in accordance with one embodiment of the present invention.

FIG. 33 is a graph that depicts a load profile of a utility
during a projected time period, showing actual energy usage
as well as projected energy usage determined with and with-
outa control event, in accordance with an exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

Overall, the systems and methods of the present invention
provide Operating Reserves for grid stability of an electric
power grid.

Before describing in detail exemplary embodiments that
are in accordance with the present invention, note that the
embodiments reside primarily in combinations of system and
apparatus components, and processing steps, all related to
actively managing power load on an individual subscriber
basis and optionally tracking power savings incurred by both
individual subscribers and an electric utility or other market
participant. Accordingly, the systems, apparatus, and method
steps components have been represented where appropriate
by conventional symbols in the drawings, showing only those
specific details that are pertinent to understanding the
embodiments of the present invention so as not to obscure the
disclosure with details that will be readily apparent to those of
ordinary skill in the art having the benefit of the description
herein.

The aggregation of the longstanding, unmet needs in the
relevant art is the basis for new innovation, including solu-
tions offered by the present invention, having systems and
apparatus components that include the following attributes:

a. The system, apparatus, methods and devices utilize stan-
dards based OSI Layer 1-3 communications protocols
with a plurality of security encryption methods.

b. The communication layer is Internet Protocol based such
that the instructions, commands, measurements and
telemetry is transmitted via Ethernet, first generation
wireless communications methods (analog or digital),
second generation communications methods such as
Code Division Multiple Access (1xRTT), Enhanced
Data Rates for GSM Evolution (EDGE), third genera-
tion protocols such as Evolution for Data Only (EVDO),
High Speed Packet Access (HSPA), Fourth Generation
protocols Long Term Evolution (LTE), IEEE 802.11 (X)
“WiFi” or any derivative standard approved by the IEEE,
International Telecommunications Union or any domes-
tic or international standards body or any proprietary
protocols that can operate in near real time and contain
an Internet Protocol packet for the transmittal of their
command, control, telemetry, measurement, verification
or settlement information.

¢. The command and control for the purpose of (b) can be
created and controlled from a centralized processor, a
distributed processing apparatus, or at the device level.

d. The aggregation of these methods result in the creation
of real time load curtailment that may be classified
broadly as “Demand Response” but largely create Oper-
ating Reserves as defined by NERC, FERC, and/or any
other governing body that regulates the operation of an
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electric power grid and/or utilities or other market par-
ticipant providing power to an electric power grid.

The following descriptions and definitions are included
herein for the purpose of clarifying terms used in the claims
and specification of the present invention, in addition to
explanation of the relevant prior art, including the PRIOR
ART figures and those figures illustrating the present inven-
tion.

By way of introduction to the present invention, FIG. 1A
illustrates a schematic diagram of an IP-based active power
load management system in accordance with an exemplary
embodiment of the present invention. This diagram shows
analogies for how load-consuming devices are addressable by
an active load director (ALD), by comparison to communi-
cation networks such as the Internet. FIG. 1B provides a
schematic diagram illustrating an exemplary active load cli-
ent (ALC) smart meter use case example according to the
present invention, wherein the ALC is shown as a component
of'the system of FIG. 1A. FIG. 1C illustrates a flow diagram
of methods according to the present invention for tracking
power usage and power supply value (PSV) generation,
which is an important component of embodiments of the
present invention, as will be described in more detail in the
specification hereinbelow. In other method steps for the
present invention, FIG. 1D illustrates a flow diagram of meth-
ods according to the present invention for tracking state of
ALCs having an IP address within an electric power grid
system. FI1G. 2 is a schematic diagram providing an overview
of an IP-based active energy management system (EMS) in
accordance with the present invention, including components
of ALC, ALD, IP-based communication, load control devices
and power consuming devices, which are described in more
detail in the following specification. As illustrated, the EMS/
Grid Operator/Market Participant/Retail Electric Provider/
Independent Power Producer/Automatic Generation Control
component(s) of the system of the present invention are in
networked communication with ALD(s) via IP-based com-
munication methods, for communicating load control events
to control devices and/or AL.Cs for managing load consumed
by power consuming devices. A variety of system elements
are illustrated for exemplary purposes, to show the interaction
between the power generation or source provider and the
power consuming devices. Notably, many devices may be
constructed and configured for communication through the
ALD such that they are controlled by an EMS, as illustrated in
these figures, in particular in FIG. 2.

In another aspect of factors addressed by the present inven-
tion, FIG. 3 is a schematic diagram illustrating an exemplary
system arrangement for conservation voltage reduction
(CVR). Transmission lines, illustrated on the left side of the
diagram, transfer electric power from the power generation
source, which may be a utility, to an electrical bus or substa-
tion, where it is transformed to provide distribution voltages
(e.g., about 6.9 kV in this example and single phase) to
additional transformers, indicated as F1, F2, F3, . . . FN,
where voltage measurement along the feeder via ALC(s).
Under current standards, voltages must be kept at between
about +/-3% and about +/-5%, but in any case maintained as
required by standards, for final distribution at the end of the
line to prevent damage to power consuming devices. The
ALCs preferably transmit voltage information and line loss
information to the ALD(s). The ALD establishes a phase/
voltage “locked” loop to automatically control the voltages so
that the CVR creates megawatts of operating reserves accord-
ing to the methods and systems of the present invention.

Also, by way of introduction to the commercial application
of the present invention, considering basic operations of the
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electric power grid is helpful, in conjunction with the PRIOR
ART figures referenced herein. PRIOR ART FIG. 4 is a sche-
matic diagram illustrating generation, transmission, distribu-
tion, and load consumption within a traditional electric power
grid. PRIOR ART FIG. 5 is a schematic diagram illustrating
traditional transmission systems that connect to electric
power sources to distribution facilities, including smart
metering and advanced metering.

PRIOR ART FIG. 6 is a schematic diagram illustrating
power generation or supply balancing with customer demand
for electric power within a grid. PRIOR ART FIG. 7 is a
schematic diagram illustrating balancing areas and their
interaction for power generation or supply balancing with
customer demand for electric power within a grid, where
utilities are connected by transmission lines and balancing
areas. PRIOR ART FIG. 8 is a schematic diagram illustrating
regions and balancing areas and their interaction for power
generation or supply balancing with customer demand for
electric power within a grid. These balancing areas (BAs)
provide for opportunities for the electric power grid and/or a
multiplicity of grids that are constructed and configured for
networked communication and power distribution therebe-
tween. One of the main reasons for collaboration across BAs
is illustrated by PRIOR ART FIG. 9, showing a graphic illus-
tration of daily load shape and base load for electric power
grid operations, including sufficient operating reserves to
address peak load conditions. A single grid or sector within a
grid may not be operable to manage its operating reserves
through curtailment or additional generation, in particular
according to time requirements, as shown in PRIOR ART
FIG. 10, where operating reserves are indicated as having
different types of responsiveness required for generation and
operation of an electric power grid. By way of further expla-
nation, PRIOR ART FIG. 11 bar graph shows applications of
operating reserves of different types and communications
networks and timing for control events. Finally, PRIOR ART
FIG. 12 illustrates balancing resources within an electric
power grid, including grid stability elements of frequency.

The present invention systems and methods provide here-
inbelow for power trade blocks (PTBs) for facilitating the
collaboration across balancing areas and regions.

In preferred embodiments of the present invention, at least
one PTB is introduced and/or provided to the electric power
grid, including method steps of: valuing, trading, selling,
bartering, sharing, exchanging, crediting, and combinations
thereof. Thus the present invention provides for electric trad-
ing market across BAs or microgrids or individual load con-
suming customers.

Telemetry, measurement, verification, PSV, and other fac-
tors described herein, in compliance with FERC 745, provide
with the present invention the capacity for customers provid-
ing curtailment as operating reserves to be compensated for
megawatts at the clearing price. Clearing prices are either
determined by many attributes including their location of
where the power is delivered or accepted by a generator of
power or a purchaser of power. The term “Locational Mar-
ginal Pricing (LMP)” refers to a node where power is either
delivered from a generator or accepted by a purchaser. A node
corresponds to a physical bus or collection of buses within the
network or any other geodetically defined boundary as speci-
fied by the governing entity. A load zone is defined as an
aggregation of nodes. The zonal price is the load-weighted
average of the prices of all nodes in the zone. A hub is defined
as the representative selection of nodes to facilitate long-term
commercial energy trading. The hub price is a simple average
of LMPs at all hub locations. An external or proxy node is
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defined as the location that serves as a proxy for trading
between ISO-Balancing area and its neighbors.

For vertically integrated utilities that do not have open
markets as ISOs, their delivery or acceptance of power can
occur at their boundaries of their “Balancing Area”, which is
defined as the geography where their transmission and distri-
bution system extends and is subject to grid stability main-
tained by that utility. Balancing Authority boundaries can also
be delivery points or (LMP) pricing points. It should be noted
that vertically integrated utilities are subject to the same
FERC and NERC rules as decoupled utilities in ISOs, except
in vertically integrated utilities, local public utility commis-
sions have more authority to enforce and enhance rules since
the rate base is being charged for improvements to the grid
within the balancing area (BA) that the utility serves. FIG.
178 is a table illustrating three FERC orders and their appli-
cability to the electric power grid load management addressed
by the present invention. The trend in the world market is to
inject market forces to utilities such that they must follow new
FERC rules that permit the use of demand response technolo-
gies/load curtailment technologies to promote the need for
fewer large scale, primarily fossil fuel power plants.

Power is generally traded in terms of “Capacity” the
reserved peak amount of power that a generator agrees to
reserve for the utility, market participant, or REP; and
“Energy” is defined as the amount of power consumed by the
utility, market participant, REP or any entity that is authorized
to buy, sell or distribute power for the electric power grid,
consumers, particularly commercial accounts, also purchase
power in this manner. Energy is settled on the wholesale
market in “MegaWatt Hours™, which is defined as one (1)
million watts of electricity consumed at a metering point, or
interchange of power such a LMP, transmission tie point
between two utilities, a commercial customer large enough to
consume such an amount, a utility (generating or distributing)
or a market participant including a REP that generally pur-
chases the power from a generating utility and utilizes the
distribution network to supply its power purchased at the
wholesale level and distributes its power to end consumers/
customers generally in smaller increments of measurement
“kilowatt hours (kWH).” These increments are important due
to the introduction of programs involving utilizing curtail-
ment technologies enabled by FERC Order 745 whereby
utilities, market participants, REPs and CSPs may aggregate
their curtailment/DR in increments of “kW-representing a
capacity figure” and “kWH” which represents avoided
energy. Peak “capacity” charges are settled based upon inter-
vals whereby the instantaneous peak (kW/MW) determines
the “capacity” charge.

In 11, FERC issued a series of orders that have had a
pronounced impact on the injection of new technologies,
particularly distributed load resource, curtailment, demand
response technologies, to the market to be implemented
across all of the US and with direct applicability to World
markets. FERC Order 745, issued Mar. 15, 2011 and adopted
April 2011, and which is incorporated herein by reference in
its entirety, provides that utilities, market participants, CSPs,
REPs or any other entity that can aggregate a minimum trad-
ing block of power that can be accepted into the market, BA,
or utility service area or regional trading area (RTO) must be
compensated for such curtailment/load resource and demand
response technology at the clearing price at the nearest LMP
as though it was generation. Said plainly, “Negawatts” have
the same value as “Megawatts.” Controversial, particularly to
those utilities that still have the antiquated practice of rate
base recovery of assets to insure profits, the conditions of
which these “Negawatts” are compensated as “Megawatts”
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place a high value on those curtailment/load resource/de-
mand response technologies that can create utility Operating
Reserves for the benefit of grid stability. Operating Reserves,
previously defined, come in different capacity and energy
products or their equivalencies in the case of curtailment/load
resources/demand response and are compensated at the near-
est LMP based upon their ability to perform to the same level
of measurement, verification, responsiveness (latency) and
settlement as generation. This high standard has the practical
effect of rewarding those advanced technologies that can
perform as generation equivalencies (load resources), while
still allowing capacity products (traditional and advanced
demand response) to also participate in the market and per-
form the valuable function of providing capacity and energy
resources without the need for transmission losses (avoided
power avoids transmission of kWH/MWH to the endpoint,
therefore freeing up transmission and distribution lines to
carry power elsewhere where it is needed). It should be noted
that most utilities do not have accurate measurements of
distribution losses below their electrical bus (substation lev-
els) and as such high performance, IP based ALCs/service
points that allow this information to be brought forward to the
utility operations promote the Operating Reserves and
“Negawatts” and add to their value.

Related US patents and patent applications, including U.S.
application Ser. No. 13/172,389, filed Jun. 29, 2011, which is
a continuation of U.S. application Ser. No. 12/715,195, filed
Mar. 1, 2010, now U.S. Pat. No. 8,032,233, which is a divi-
sional of U.S. application Ser. No. 11/895,909 filed Aug. 28,
2007, now U.S. Pat. No. 7,715,951, all of which are incorpo-
rated herein by reference in their entirety; these documents
include descriptions of some active load management within
power grids, and provide additional background and context
for the present invention systems and methods.

Also, in this document, relational terms, such as “first” and
“second,” “top” and “bottom,” and the like, may be used
solely to distinguish one entity or element from another entity
or element without necessarily requiring or implying any
physical or logical relationship or order between such entities
or elements. The terms “comprises,” “comprising,” or any
other variation thereof are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus
that comprises a list of elements does not include only those
elements, but may include other elements not expressly listed
or inherent to such process, method, article, or apparatus. The
term “plurality of” as used in connection with any object or
action means two or more of such object or action. A claim
element proceeded by the article “a” or “an” does not, without
more constraints, preclude the existence of additional identi-
cal elements in the process, method, article, or apparatus that
includes the element.

By way of definition and description supporting the
claimed subject matter, preferably, the present invention
includes communication methodologies for messaging via a
communication layer. IP-based communications over a net-
work are most preferred. Correspondingly, and consistent
with the communication methodologies for messaging
according to the present invention, as used throughout this
specification, figures and claims, the term “ZigBee” refers to
any wireless communication protocol adopted by the Institute
of Electronics & Electrical Engineers (IEEE) according to
standard 802.15.4 or any successor standard(s), the term “Wi-
Fi” refers to any communication protocol adopted by the
IEEE under standard 802.11 or any successor standard(s), the
term “WiMax” refers to any communication protocol adopted
by the IEEE under standard 802.16 or any successor stan-
dard(s), and the term “Bluetooth” refers to any short-range

10

15

20

25

30

35

40

45

50

55

60

65

14

communication protocol implementing IEEE standard
802.15.1 or any successor standard(s). Additionally or alter-
natively to WiMax, other communications protocols may be
used, including but not limited to a “1G” wireless protocol
such as analog wireless transmission, first generation stan-
dards based (IEEE, ITU or other recognized world commu-
nications standard), a “2G” standards based protocol such as
“EDGE or CDMA 2000 also known as XRTT”, a 3G based
standard such as “High Speed Packet Access (HSPA) or Evo-
Iution for Data Only (EVDO), any accepted 4G standard such
as “IEEE, ITU standards that include WiMax, Long Term
Evolution “L'TE” and its derivative standards, any Ethernet
solution wireless or wired, or any proprietary wireless or
power line carrier standards that communicate to a client
device or any controllable device that sends and receives an I[P
based message. The term “High Speed Packet Data Access
(HSPA)” refers to any communication protocol adopted by
the International Telecommunication Union (ITU) or another
mobile telecommunications standards body referring to the
evolution of the Global System for Mobile Communications
(GSM) standard beyond its third generation Universal Mobile
Telecommunications System (UMTS) protocols. The term
“Long Term Evolution (LTE)” refers to any communication
protocol adopted by the ITU or another mobile telecommu-
nications standards body referring to the evolution of GSM-
based networks to voice, video and data standards anticipated
to be replacement protocols for HSPA. The term “Code Divi-
sion Multiple Access (CDMA) Evolution Date-Optimized
(EVDO) Revision A (CDMA EVDO Rev. A)” refers to the
communication protocol adopted by the ITU under standard
number TIA-856 Rev. A.

It will be appreciated that embodiments of the invention
described herein may be comprised of one or more conven-
tional processors and unique stored program instructions that
control the one or more processors to implement, in conjunc-
tion with certain non-processor circuits, some, most, or all of
the functions for managing power load distribution and track-
ing individual subscriber power consumption and savings in
one or more power load management systems as described
herein. The non-processor circuits may include, but are not
limited to, radio receivers, radio transmitters, antennas,
modems, signal drivers, clock circuits, power source circuits,
relays, meters, smart breakers, current sensors, and user input
devices. As such, these functions may be interpreted as steps
of a method to distribute information and control signals
between devices in a power load management system. Alter-
natively, some or all functions could be implemented by a
state machine that has no stored program instructions, or in
one or more application specific integrated circuits (ASICs),
in which each function or some combinations of functions are
implemented as custom logic. Of course, a combination of the
two approaches could be used. Thus, methods and means for
these functions have been described herein. Further, it is
expected that one of ordinary skill in the art, notwithstanding
possibly significant effort and many design choices motivated
by, for example, available time, current technology, and eco-
nomic considerations, when guided by the concepts and prin-
ciples disclosed herein, will be readily capable of generating
such software instructions, programs and integrated circuits
(ICs), and appropriately arranging and functionally integrat-
ing such non-processor circuits, without undue experimenta-
tion.

Recently, the IEEE and ITU have released improved
WiMax and Long Term Evolution wireless standards that
have facilitated the consideration of new technologies to
improve the response and control of power load control
devices employing smart breaker and smart disconnect
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switches that include advanced smart meters where IP mul-
timedia gateways are embedded or attach as separate con-
nected printed circuit boards, submetering technologies that
possess sufficient “revenue grade” metrology such that the
measurements provided by these devices may be accepted for
settlement purposes. The term “revenue grade” is an industry
term, as will be appreciated by one of ordinary skill in the art,
a percentage of accuracy determined by ANSI, which means
that power measurement must be within ¥2% of the actual
value being consumed. Thus, calibration standards are pro-
vided accordingly to OEMs of power measuring devices and/
or chips. In embodiments of the systems and methods of the
present invention, these calibration standards are met via
components including a chipset and related software, and the
transmittal of the power measurement information via IP-
based communications as set forth hereinabove. Baselining
techniques that provide a reference power usage point, sam-
pling techniques that allow for verification of the power
“state” and power consumption data for electricity consum-
ing devices (inductive or resistive), reactive power, Power
Factor, start-up current, duty cycles, voltage, consumption
forecasts and most importantly real-time or near real time
power measurement sampling, etc. are required to derive a
Power Supply Value (PSV) that includes an American
National Standards Institute (ANSI), ISO, grid operator, gov-
erning body revenue measurement, etc., which is preferably
aggregated to reach the size of at least a single Power Trade
Block (PTB) unit for the purposes of optimally monetizing
the active load management from the customer perspective.
PTBs are dependent on a grid operator, regional transmission
operator, or independent system operator to determine the
capacity size (in kW or MW) or energy data in (kWH or
MWH) that can be accepted for bidding, trading, settlement
by the utility, the end consumer/customer, the market partici-
pant, the CSP, demand response aggregator or any entity
authorized by the government entity that regulates grid opera-
tors such as FERC, NERC etc. Generally due to measure-
ment, verification, transmission and/or distribution modeling
(which considers the impact to the grid from the curtailment
activities at any geodetic location on the grid, but generally
modeled by electrical bus or substation), the minimum
acceptable PBT is 100 kW at the time of the present invention.
This limitation is not expected to be permanent, given these
advancements in measurement/verification, the near real time
or real time IP/Ethernet based telemetry capabilities pre-
sented by a plurality of various communications methods as
discussed in this embodiment and the advancements in ser-
vice oriented architecture based (SOA) software and hard-
ware subsystems, when combined with an ALLD and ALC that
can perform at a sublevel such that the minimum PTB can be
determined at the device, home, building, service point, com-
mercial, industrial, transformer, feeder, substation, transmis-
sion line and any sub-point along the transmission and distri-
bution feeder system of an electrical grid as so long as
minimum telemetry, measurement, verifications, validation
are met and are capable of being aggregated to a minimum
PTB acceptable to the grid operator, ISO, RTO, BA or any
other increment of grid topography used now or in the future
for settling power block increments by sub-PTB.
Embodiments of the present invention expand upon and
enhance prior technologies by, among other things, employ-
ing WiMax, High Speed Packet Access (HSPA), Evolution
for Data Only (EVDO), both considered 3 generation wire-
less standards, Long Term Evolution (LTE) and its derivative
standards, IEEE 802.11 (X) also known as “WiFi” and its
derivative standards inclusive of “Muliple Input Multiple
Output” (MIMO), as set forth in the communication method-
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ologies hereinabove, a plurality of proprietary mesh and point
to point communications solutions or any Internet Protocol
(IP)-based load control in a system with the ability to monitor
and measure, in real time or in sufficient time increments to
satisfy the telemetry performance standards as established by
the Government or governing bodies (ex: National Electric
Reliability Corporation (NERC), the Federal Energy Reli-
ability Commission (FERC) the amount of power deferred,
conserved or removed (or carbon, SO,, or NO, eliminated),
such as by way of example the Kyoto or Copenhagen Proto-
cols that set up carbon credits. These improvements allow
new options for electric utilities or any market participant to
defer or invest in new power generation that is friendlier to the
environment.

IP-based power management is advantageous over existing
systems for many reasons. This is particularly true for com-
munications and control that employ Internet Protocol Ver-
sion (V6) whereby each load consuming device (ALC),
meter, load control device, programmable thermostat (PCT),
building control system or any device utilized for the mea-
surement and control of power, and/or derivation of PSV
and/or PTB for the purpose of power management can have
its own static IP address, virtual private network with
enhanced security, to provide for operating reserves accept-
able to the grid regulator, operator, or equivalent. Revenue
grade metrology and IP-communication of a unique identi-
fier, such as by way of example and not limitation, a static IP
address or dynamically assigned IP address through IP V4 to
provide for a unique identifier at that time, for each of the
power consuming device(s), load control device(s), and com-
binations thereof are critical for the real-time aggregation of
PSVs to form at least one PTB corresponding to the load
curtailment event. Thus, every piece of hardware having an
IMEI (international manufacturer equipment identifier) and
electronic serial numbers or MAC address are combinable
with IP V6 so that each device has a unique identifier that
provides for enhanced security and settlement. Other well
established methods of secure transmission include the use of
encryption “keys” widely used amongst the transmission of
information between two IP based or proprietary solutions for
the secure communication of PSVs, PBTs, equipment iden-
tifiers, “states”, or any other grid stabilizing command, con-
trol or status message necessary to implement advanced load
curtailment, load resources, or demand response for purposes
of creating or aggregating individual load sources, groups of
load sources, or any sub increment to create Operating
Reserves and other grid stabilizing reserves that improve grid
stability and operation.

For example, positive control allows a system controller to
receive a response from an end device installed at a customer
location, which indicates that the actual target device has
turned “off” or “on”, or reduced, as in the case of a variable
speed inductive device or a variable power consuming resis-
tive device whereby complete operation is not interrupted but
power consumption is reduced to create the operating reserve
via curtailment of some but not all of the power from the
power consuming device. Additionally, each equipment iden-
tifier is unique and each IP address is either dynamically
assigned when the device is activated (e.g., through use of the
dynamic host configuration protocol (DHCP)) or statically
assigned by the serving IP network, thereby providing
enhanced security to protect against an act of random terror-
ism or sabotage inadvertently shutting down power services.
Existing power management systems, including those utiliz-
ing radio subsystems that operate in unlicensed and uncon-
trolled spectrum bands such as the FCC is in bands, do not
address security problems adequately and thus are more
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likely susceptible to hostile or malicious acts. Further
embodiments of these identifiers include the use of MAC
addresses, standards based encryption keys, and the normal
encryption technologies that are inherent with the use of
standards based communications methods such as HSPA,
EVDO and LTE where packets are encrypted from the point
they leave the radio base station or in some cases the router
and even the application layer itself. Further embodiments
include Virtual Private Network (VPN) and VPN tunnels that
form virtual physical layer connections via an IP transport
layer.

IP-based systems are also bandwidth or network efficient.
For example, IP devices are controlled via the 7-layer Open
Systems Interconnection (OSI) model whereby the payload
of each packet can contain a message or “change in state” or
any other message required in the previous embodiments for
purposes of stabilizing, statusing and the creation of Operat-
ing Reserves for an electric grid or microgrid and does not
require synchronous communication. This method of trans-
mission (for example “UDP” communications) allows for
very minimum overhead and low data rates on a broadband
network. For proprietary ‘mesh” networks whose bandwidth
performance is very poor and an IP message may be encap-
sulated in a proprietary data packet that may or may not
contain encryption, an efficient asynchronous communica-
tion method may be the only way to send out a plurality of
messages and message type for command and control or
status reporting. Additionally, IP devices can report many
states that are important to an electric grid operator, market
participant. These states supply compliance information nec-
essary for the entity to receive command and control to insure
the safe and reliable operation of the grid, but are also neces-
sary for measurement, verification, telemetry, settlement and
Power Supply Values to provide the information needed to
comply with the grid operator’s standards to deliver Operat-
ing Reserves or any Demand response products where the end
results improve grid stability and will allow the consumer,
utility, market participant, REP, CSP etc. to receive monetary
compensation for supplying these products as contemplated
in FERC Order 745. These commands, including “no power”
for outage or for simple demand response compliance mea-
sured and verified at the device level, the meter level, the
electrical bus level or a plurality of all the above. Furthermore
these commands are aggregated and presented to the grid
operator or utility so that “many” end points can be simulta-
neously operated as one resource and responsive to an EMS.
For example, the active load client 300 may be implemented
with a battery backup mechanism to provide backup or aux-
iliary power to the active load client 300 when AC power is
lost. In this case, when battery backup is invoked, the active
load client 300 can report a “no power” condition. Alterna-
tively, a “no power” condition may be assumed if an active
load client 300 fails to timely respond to a message (e.g., a
poll or other message) from the ALD server 100, particularly
where multiple active load clients 300 in a geographic area
fail to timely respond to the ALD server messaging or mul-
tiple UDP packets receive no acknowledgement. Because the
geographic location of each customer premises and active
load client 300 may be known at the time of installation or
thereafter (e.g., using GPS coordinates), such network out-
ages may be located on a per meter basis, or per load con-
suming device basis.

A multiplicity ofuse cases for communications is provided
under the systems and methods of the present invention.
Messaging under the present invention includes any and all
commands, queries, etc. that relate to the profiles of the
devices, “health” of the grid, status information, etc. Profiles
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automatically drive what is started, when, for controlled
restart, rather than only controlled restart commanded by the
utility; the present invention provides for either the profiles
and/or the utility to communicate for command and control,
in particular for providing for grid stability.

Further embodiment allows the ALD server to provide
prior to the loss of communication or power a set of profiles or
commands to be executed at the ALC level such that they
operate autonomously providing the operating reserves that
the grid operator or utility desires, storing the measurement
and verification information for transmittal later, or in the
case of a power loss, very precise “re-start” procedures such
that the simultaneous impact of a power restoration from a
grid operator does not have the adverse effect of overloading
the generation and distribution system. These embodiments
of'a “controlled restart” may also apply to a Customer Profile
where the most mission critical devices at a consumer loca-
tion are prioritized, known to the utility via a Power Supply
Value and other load characteristics such as power factor,
voltage, current, reactive power or any other grid stabilizing
metric that is reported historically by the AL.C such that the
grid operator OR the customer can use these autonomous
profiles, autonomous ALCs and memory in same to create
“microgrids” that autonomously operate independent of the
macro-grid operator and provide grid stablizing load
resources to those consumers that are isolated via the micro-
grid where other supply sources that can power and operate
the microgrid either under the operation of a computer con-
trolled system and apparatus or a separate utility or microgrid
operator exists and may operate autonomously until commu-
nication with a host ALD is re-established.

One of the most beneficial advantages of an IP-based
power management system, as provided in one embodiment
of the present invention, is accurate reporting of the actual
amount of power available for the creation of Operating
Reserves via a distinct PSV value at the time the reserves are
needed, a forecast of Power available via the customer pro-
files due to a plurality of methods that include known
“expected” behavior of customer and load consuming
devices, the baseline methods previously described, and the
ability to allocate different types of operating reserves based
upon the Grid Operator, CSP, MP, Utility, and equivalent’s
needs at the given condition of the grid as well as power saved
by each customer on an individual basis. Embodiments of the
present invention monitor and calculate precisely how many
kilowatts (or carbon credits) are being generated or saved per
customer instead of merely providing an estimate. These
values are stored in a Power Supply Value (PSV), wherein the
historical consumption, the real time consumption, the base-
line consumption data as provided by standards supplied by
the governing body (NAESBY, FERC, NERC) establish the
PSV that is used for transmitting via the IP message the
information necessary for grid stabilizing operating reserves.
Furthermore, embodiments of the present invention provide
means for tracking the actual amount of deferred load and
pollutants according to generation mix, serving utility and
geographic area. These deferred pollutants are recognized as
“Renewable Energy Credits” as exemplified by the recently
passed North Carolina Law known as Senate Bill 567, where
these PSV derived “Negawatts” count towards a generating
and distributing utilities obligations for supplying renewable
energy as a percentage of their total generation mix. Accord-
ing to the present invention, if device curtailment is measured,
verified, settled within the parameters established, then utility
can accept the supply that would have been available in the
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case of curtailment event, then renewable energy credits are
available to the consumer/device, i.e., megawatts equal
renewable energy credits.

The present invention provides systems and methods for
managing power supplied over an electric power grid by an
electric utility and/or other market participants to multiple
power consuming devices, each of which having a Power
Supply Value (PSV) associated with its energy consumption
and/or reduction in consumption. Preferably, according the
systems and methods of the present invention, generation of
the PSV includes estimating and/or baselining. Furthermore,
PSV applications for carbon credits may be geodetically
dependent, measured, or computed based upon electricity
consumed from a source; for carbon credits, PSV is then
based upon fossil fuel electricity eliminated through effi-
ciency, reduction and baselining, provided that the PSV is
measurable and verifiable.

Power flow to the power consuming devices is selectively
enabled, reduced and disabled by one or more controllable
devices controlled by the client device measured with PSV
accuracies that are able to be recognized by the governing
bodies within revenue grade metrology such that the ALC
becomes in essence a sub-meter with PSV values that can
report over the IP connection a plurality of states necessary
for grid stability and control over each ALC via the ALD such
that each distribution point on the grid may be stabilized at
each point of the distribution or transmission system to effect
grid stabilization holistically rather than reacting to condi-
tions as they occur. Power control messages from a control-
ling server indicate amounts of electric power to be reduced
and/or Operating Reserves to be created and an identification
of at least one controllable device to be instructed to disable,
reduce or consume more a flow of electric power to one or
more associated power consuming devices depending on the
type of Operating Reserves needed at the time of activation by
the ALD through the IP connection to the associated ALC to
create the desired Operating Reserve or grid stabilizing
reserves. Notably, the power control commands include a
power inquiry command requesting the server to determine
an amount of electric power available (PSV) for temporary
reduction or increase from supply or adding to supply (for
example, Auto Reg up for regulating reserves/Reg Down) by
a requesting electric utility, market participant or electric
power grid operator(s) and wherein the command processor
issues an associated power control event message responsive
to the power inquiry command, the server further comprising:
a database that stores current power usage information for the
at least one electric utility or electric power grid operator(s),
wherein the event manager accesses the utility database
responsive to receipt of the associated power control event
message and communicates a response to the power inquiry
command indicating the amount of power available for tem-
porary reduction based on the current power usage informa-
tion and the corresponding Power Supply Value derived or
generated therefrom. This polling command also functions as
an “alert” to provide the power consuming device viathe ALC
to report the PSV, state, reactive power, voltage, current, or
any other grid stabilizing metric to the ALD such that the
ALD can by electrical bus, by regional transmission organi-
zation, by Balancing Authority, by microgrid, by individual
consumer or by individual transformer or any other system at
any point on the distribution system of the grid or microgrid
aplurality of information such that the ALD can prioritize the
order, the type of curtailment, reduction in power or profile to
effect to stabilize the grid or microgrid or to supply the utility,
REP, market participant, CSP or other an instantaneous and
accurate snapshot of the available resource for dispatch and to
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prepare the ALC to look for a priority message delivered via
an [P flag or specially formatted message so that the message
combined with the Alert has the grid stabilizing effect. Thus,
the present invention systems and methods provide for cre-
ation of the grid stability product and/or operating reserve;
messaging is used for status, grid “health”, down to device
level.

In preferred embodiments of the present invention, oper-
ating reserve messages are prioritized over network, includ-
ing over other traffic on the network. Furthermore, priority
messaging is further includes so that on standards-based or
proprietary communications networks that have sufficient
speed, measurement (PSV) and are responsive to an EMS that
have network priority over other packets, such that emer-
gency and/or critical infrastructure protection power manage-
ment commands receive priority over any other power control
commands, to transmit those messages over other non-critical
traffic.

In one embodiment of the present invention, a system for
managing power on an electric power grid that is constructed
and configured for supplying and receiving power from a
multiplicity of sources, where the power flows to a plurality of
power consuming devices or is generated by a plurality of
power generation and storage solutions that are enabled and
disabled by a plurality of controllable devices, wherein the
system includes: a server comprising a command processor
operable to receive or initiate power control commands and
issue power control event messages responsive thereto, at
least one of the power control commands requiring a reduc-
tion or increase [more detail for regulating reserves here| in
an amount of electric power consumed by the plurality of
power consuming devices; an event manager operable to
receive the power control event messages, maintain at least
one power management status relating to each client device
and issue power control event instructions responsive to the
power control event messages that may be initiated from a
market participant, a utility, or an electric grid operator; a
database for storing, information relating to power consumed
by the plurality of power consuming devices and based upon
the amount of power to be reduced to each of the power
consuming devices, generating a first power supply value
(PSV); and a client device manager operably coupled to the
event manager and the database, the client device manager
selecting from the database, based on the information stored
in the database, at least one client device to which to issue a
power control message indicating at least one of an amount of
electric powerto be reduced or increased and identification of
at least one controllable device to be instructed to disable a
flow of electric power to one or more associated power con-
suming devices responsive to receipt of a power control event
instruction requiring a reduction in a specified amount of
electric power; the plurality of controllable device and corre-
sponding device interfaces facilitating communication of
power control instructions to the controllable devices, the
power control instructions causing the at least one control-
lable device to selectively enable and disable a flow of power
to the power consuming device(s); and a device control man-
ager operably coupled to the controllable device interfaces for
issuing a power control instruction to the controllable devices
through the controllable device interfaces, responsive to the
received power control message, the power control instruc-
tion causing the controllable device(s) to disable a flow of
electric power to at least one associated power consuming
device for reducing consumed power, and based upon the
reduction in consumed power, generating a second power
supply value (PSV) corresponding to the reduction in con-
sumed power.
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This embodiment may further include a combination of a
processor, database, event manager, preferences manager and
market conditions to include price of electric power, grid
stabilization events and location of customer relative to the
grid operator’s generation, transmission, and distribution ele-
ments would effect a change on the electric grid by a change
in the power consuming devices utilizes some or all of the
information provided by the grid operator, market participant,
or utility to automatically or manually through a plurality of
communications methods (smart phone, computer, text
response, phone message) elect to curtail or consume power
to effect a change to the normal operation of a plurality of
power consuming power devices in exchange for credits,
economic/monetary incentives, rewards programs, or carbon/
green credits. This provides that a customer receives a real
time or near real time signal from a grid operator that alerts
them to an economic event that would allow them to make
substantial compensation for curtailing or accepting power at
that minimum time interval for both reporting and responding
as established by the governing entity. This is real-time pric-
ing for grid stress/stabilization or very high commodity pric-
ing.

Preferably, market pricing conditions via a customer pro-
file that can be loaded to a smart phone or moreover a profile
that automated controls based upon previously selected eco-
nomic messages.

Embodiments of the present invention include an exem-
plary system for supporting a serving utility or power dis-
tributor (e.g., such as a municipality, electric cooperative, or
any other wholesale or retail producer of electric power, and/
or any market participant associated with electric power con-
sumption, reduction of consumption, and/or supply, and com-
binations thereof), methods for providing continuous, real
time active power control in the system, and a method for
determining how much actual load may be controlled at any
given time for the purposes of conservation, alternative power
generation and the creation of carbon (and other gaseous
emissions) credits, which are all under the authority of grid
operator, governing authority, or equivalent, and based upon
corresponding regulations such as by way of example and not
limitation FERC, NERC, etc.

Additional embodiments of the present invention provide a
system that implements the exemplary methods through the
unique use of load information, location of customers con-
suming electricity, changes in state of controlled devices,
current sensing, customer set points/preferences and artificial
intelligence (e.g., as implemented through software) to opti-
mize the presentation of load available to the serving utility
for control.

Generally, the embodiments disclosed in the present inven-
tion are directed towards the real time (active) control of
residential and commercial electrical devices that generally
are 240V or less. However, specific features and functions
may also be applicable to larger commercial installations that
are greater than 240V. The description herein is intended to
provide a practical implementation of real time load manage-
ment for either voluntary or involuntary participants over
large geographies and ideally for many serving electrical
power producers, wholesalers or distributors. The exemplary
methods and systems disclosed in the present invention may
be implemented by an individual utility provider, or a third
party monitoring service that tracks and manages power load-
ing for one or more utilities. This application describes the
necessary methods and generally describes software sub-
systems for both a host function (e.g., an active load director
(ALD) server) and a companion active load client (ALC).
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One embodiment of the present invention controls power
distribution for a variety of electric utility companies or any
other electric power grid operator(s) by actively monitoring
the amount of power needed by each utility and supplying the
required power by redirecting power from participating cus-
tomers. In this embodiment, customers agree to allow the
power management system to disable certain power-consum-
ing devices during peak loading times of the day. Smart
breakers, load control switches (submetering A[.Cs) or any
other device that can be interfaced or added within an electric
consuming device or added at the point where the electric
consuming devices receives power from a wall socket or any
other electrical connection which have the ability to be
switched on or off remotely, are installed for specific devices
in an electric service control panel accessed by a known IP
address. Alternatively, [P-addressable smart appliances may
be used. The power management system determines the
amount of steady-state power each device consumes when
turned on and logs the information in a database for each
subscriber. For example, a current sensor on each smart appli-
ance or within each smart breaker or power measurement
circuit that is incorporated in the device that serves as a
de-facto ALC with metrology sufficient to be accepted as a
PSV for aggregation to the ALD for the creation of Operating
Reserves may measure the amount of current consumed by
each monitored device. An active load client then multiplies
the amount of current consumed by the operating voltage of
the device to obtain the power consumption, and transmits the
power consumption to the ALD server. When the serving
utility needs more power than it is currently able to supply, the
power load management system automatically adjusts the
power distribution by turning off or reducing specific loads on
an individual device or subscriber basis. Because the amount
of power consumed by each specific load is known via the
PSV and aggregated via the PBT, the system can determine
precisely which loads to turn off or reduce and tracks the
power savings generated by each customer as a result of this
short-term outage.

Furthermore, based upon the reduction in consumed
power, the systems and methods of the present invention
provide for generating at the control center a power supply
value (PSV) corresponding to the reduction in consumed
power by the power consuming device(s). Importantly, the
PSV is an actual value that includes measurement and veri-
fication of the reduction in consumed power; such measure-
ment and verification methods may be determined by the
appropriate governing body or authority for the electric
power grid(s). Power Supply Value (PSV) is calculated at the
meter or submeter or at building control system or at any
device or controller that measures power within the standard
as supplied by the regulatory body(ies) that govern the regu-
lation of the grid. PSV variations may depend on operating
tolerances, operating standard for accuracy of the measure-
ment. PSV further includes forecasting, statistical sampling,
baselining, and combinations thereof. The PSV enables trans-
formation of curtailment or reduction in power at the device
level by any system that sends or receives an IP message to be
related to or equated to supply as presented to the governing
entity that accepts these values and award supply equiva-
lence, for example of a power generating entity or an entity
allowed to control power consuming devices as permitted by
the governing body of the electric power grid, e.g., FERC,
NERC, etc.

PSV may be provided in units of capacity, demand, elec-
trical power flow, time, monetary equivalent, and combina-
tions thereof. Thus, the PSV provides an actual value that is
confirmed by measurement and/or verification, thereby pro-
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viding for a curtailment value as a requirement for providing
supply to the power grid, wherein the supply to the power
electric power grid is provided for grid stability, voltage sta-
bility, reliability, and combinations thereof, and is further
provided as responsive to an energy management system or
equivalent for providing grid stability, reliability, frequency
as determined by governing authority for the electric power
grid and/or grid operator(s).

The present invention can be more readily understood with
reference to the Figures. FIG. 13 provides a schematic dia-
gram illustrating components including ALD, ALC, and IP
communications for distributed grid intelligence within sys-
tems of the present invention.

Smart grid configurations are preferred under systems and
methods of the present invention. By way of example, con-
sider embodiments in FIGS. 14-16, which provide schematic
diagrams that illustrate smart grid with decentralized net-
works according to systems and methods of the present inven-
tion.

FIG. 17A shows a schematic diagram for supply from
utility, market participant, CSP, and/or REP, ALD/cloud
layer, ICCP, control and dispatch, and micro-grid enablement
according to systems and methods of the present invention.

As set forth hereinabove, the present invention provides
systems and methods for generating operating reserves for an
electric power grid. Correspondingly, FIG. 18 provides a
graphic illustration of operating reserves categories and base
load; FIG. 19 is a schematic diagram representing operating
reserves for supply side generation of electric power for a
grid, ALD, ALC, power consuming devices, and other com-
ponents of the systems and methods of the present invention
for generating operating reserves of different categories.

FIG. 20 is a schematic diagram showing one embodiment
of'the present invention including power consuming devices,
control devices, ALC, ALD, customer profile, IP communi-
cation network, and grid telemetry components of systems
and methods of the present invention.

FIG. 21A is a schematic diagram showing one embodiment
of the present invention including EMS, power consuming
devices, control devices, ALC, ALD, customer profile, IP
communication network, and grid telemetry components of
systems and methods of the present invention. In another
illustration, FIG. 21B shows a schematic diagram for one
embodiment of the present invention including EMS, power
consuming devices, control devices, ALC, ALD, customer
profile, IP communication network, and grid telemetry com-
ponents of systems and methods of the present invention.

FIG. 22 is a table of consumer-adjustable parameters as
examples for systems and methods components according to
the present invention. FIG. 23 is a flow diagram illustrating
method steps for energy-consuming devices and the genera-
tion of power supply value (PSV) for those devices, according
to embodiments of the present invention, including learning
profile. Furthermore, FI1G. 26 shows a flow diagram for meth-
ods of the present invention for calculating the time period for
environmentally dependent and independent devices and
determining or generating power supply value (PSV) for
those power-consuming devices.

By way of example, for temperature or environmental-
factor controlling devices as power consuming devices, FIG.
24 provides a graph showing at least three (3) dimensions for
factors associated with load consumption and devices man-
aging temperature control for corresponding power consum-
ing devices, including the change in factors over time. FIG. 25
is a graph showing first, second, and additional standard
deviations of for the chart of drift versus time, for use with the
systems and methods of the present invention. When the ALD
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is automatically considering load curtailment, preferably a
search algorithm provides the most load against the least
amount of consumers impacted. Based upon the thermal drift
of structures, additional structures are identified and selected,
to provide required curtailment for grid stability. Each struc-
ture has its own factors, as illustrated in FIG. 24. Thus, the
ALD selects and provides instructions to the ALCs and/or
power consuming devices based upon profiles and attributes.
Preferably, the system stores in memory on the server com-
puter associated with the database for storing information
relating to the energy management system and its various
components described in the specification, identification of
the last power consuming device(s) used for satisfying a load
curtailment event, and automatically shifts their categoriza-
tion for the ALD for purposes of selection for the next cur-
tailment event.

Additionally, the following figures, in which like reference
numerals designate like items. FIG. 27 depicts an exemplary
IP-based active power load management system 10 in accor-
dance with one embodiment of the present invention. The
exemplary power management system 10 monitors and man-
ages power distribution via an active load director (ALD)
server 100 connected between one or more utility control
centers (UCCs) 200 (one shown) and one or more active load
clients (ALCs) 300 (one shown). The ALD server 100 may
communicate with the utility control center 200 and each
active load client 300 either directly or through a network 80
using the Internet Protocol (IP) or any other connection-based
protocols. For example, the ALD server 100 may communi-
cateusing RF systems operating via one or more base stations
90 (one shown) using one or more wireless communication
protocols, such as Global System for Mobile communica-
tions (GSM), Enhanced Data GSM Environment (EDGE),
High Speed Packet Access (HSDPA), Time Division Multiple
Access (TDMA), or Code Division Multiple Access data
standards, including CDMA 2000, CDMA Revision A, and
CDMA Revision B. Alternatively, or additionally, the ALD
server 100 may communicate via a digital subscriber line
(DSL) capable connection, cable television based IP capable
connection, or any combination thereof. In the exemplary
embodiment shown in FIG. 1, the ALD server 100 commu-
nicates with one or more active load clients 300 using a
combination of traditional IP-based communication (e.g.,
over atrunked line) to a base station 90 and a wireless channel
implementing the WiMax protocol for the “last mile” from
the base station 90 to the active load client 300.

Each active load client 300 is accessible through a specified
address (e.g., IP address) and controls and monitors the state
of individual smart breaker modules or intelligent appliances
60 installed in the business or residence 20 to which the active
load client 300 is associated (e.g., connected or supporting).
Each active load client 300 is associated with a single resi-
dential or commercial customer. In one embodiment, the
active load client 300 communicates with a residential load
center 400 that contains smart breaker modules, which are
able to switch from an “ON” (active) state to an “OFF”
(inactive), and vice versa, responsive to signaling from the
active load client 300. Smart breaker modules may include,
for example, smart breaker panels manufactured by
Schneider Electric SA under the trademark “Square D” or
Eaton Corporation under the trademark “Cutler-Hammer” for
installation during new construction. For retro-fitting existing
buildings, smart breakers having means for individual iden-
tification and control may be used. Typically, each smart
breaker controls a single appliance and may be embedded in
circuits or individual appliances or appliance controls or
appliance control devices, whether internal to the device
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housing, or external thereto (e.g., a washer/dryer 30, a hot
water heater 40, an HVAC unit 50, or a pool pump 70).

Additionally, the active load client 300 may control indi-
vidual smart appliances directly (e.g., without communicat-
ing with the residential load center 300) via one or more of a
variety of known communication protocols (e.g., IP, Broad-
band over PowerLine (BPL) in its various forms, including
through specifications promulgated or being developed by the
HOMEPLUG Powerline Alliance and the IEEE, Ethernet,
Bluetooth, ZigBee, Wi-Fi, WiMax, etc.). Typically, a smart
appliance 60 includes a power control module (not shown)
having communication abilities. The power control module is
installed in-line with the power supply to the appliance,
between the actual appliance and the power source (e.g., the
power control module is plugged into a power outlet at the
home or business and the power cord for the appliance is
plugged into the power control module). Thus, when the
power control module receives a command to turn off the
appliance 60, it disconnects the actual power supplying the
appliance 60. Alternatively, a smart appliance 60 may include
apower control module integrated directly into the appliance,
which may receive commands and control the operation of
the appliance directly (e.g., a smart thermostat may perform
such functions as raising or lowering the set temperature,
switching an HVAC unit on or off, or switching a fan on or
of?).

Referring now to FIG. 28, the ALD server 100 may serve as
the primary interface to customers, as well as to service per-
sonnel. In the exemplary embodiment depicted in FIG. 28, the
ALD server 100 includes a utility control center (UCC) secu-
rity interface 102, a UCC command processor 104, a master
event manager 106, an AL.C manager 108, an ALC security
interface 110, an ALC interface 112, a web browser interface
114, a customer sign-up application 116, customer personal
settings 138, a customer reports application 118, a power
savings application 120, an AL.C diagnostic manager 122, an
ALD database 124, a service dispatch manager 126, a trouble
ticket generator 128, a call center manager 130, a carbon
savings application 132, a utility P & C database 134, a read
meter application 136, and a security device manager 140.

Using the web browser interface 114, in one embodiment,
customers interact with the ALD server 100 and subscribe to
some or all of the services offered by the power load man-
agement system 10 via a customer sign-up application116. In
accordance with the customer sign-up application 116, the
customer specifies customer personal settings 138 that con-
tain information relating to the customer and the customer’s
residence or business, and defines the extent of service to
which the customer wishes to subscribe. Additional details of
the customer sign-up application 116 are discussed below.
Customers may also use the web browser interface 114 to
access and modify information pertaining to their existing
accounts or information pertaining to their load consuming
devices (by way of example and not limitation, the informa-
tion includes consumption, efficiency, and the like).

The ALD server 100 also includes a UCC security interface
102 which provides security and encryption between the
ALD server 100 and a utility company’s control center 200 to
ensure that no third party is able to provide unauthorized
directions to the ALD server 100. A UCC command processor
104 receives and sends messages between the ALD server
100 and the utility control center 200. Similarly, an ALC
security interface 110 provides security and encryption
between the ALD server 100 and each active load client 300
on the system 10, ensuring that no third parties can send
directions to, or receive information from, the active load
client 300. The security techniques employed by the ALC
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security interface 110 and the UCC security interface 102
may include conventional symmetric key or asymmetric key
algorithms, such as Wireless Encryption Protocol (WEP),
Wi-Fi Protected Access (WPA and WPA2), Advanced
Encryption Standard (AES), Pretty Good Privacy (PGP), or
proprietary encryption techniques or embodiments approved
by the governing bodies pertaining to critical infrastructure
protection (CIP).

In one embodiment, the commands that can be received by
the UCC command processor 104 from the electric utility’s
control center 200 include a “Cut” command, or reduce com-
mand, a “How Much” command, or PSV, PBTY, priority—
based command, an “End Event” command, and a “Read
Meters” command. The “Cut” command instructs the ALD
server 100 to reduce a specified amount of power for a speci-
fied amount of time. The specified amount of power may be
an instantaneous amount of power or an average amount of
power consumed per unit of time. The “Cut” command may
also optionally indicate general geographic areas or specific
locations for power load reduction. The “How Much” com-
mand requests information for the amount of power (e.g., in
megawatts, and/or PSV by PTB) that can be reduced by the
requesting utility control center 200. The “End Event” com-
mand stops the present ALD server 100 transaction. The
“Read Meters” command instructs the ALD server 100 to
read the meters for all customers serviced by the requesting
utility.

The UCC command processor 104 may send a response to
a “How Much” command or an “Event Ended” status confir-
mation to a utility control center 200. A response to a “How
Much” command returns an amount of power, particularly
relating to PSV and/or PTB, that can be cut or reduced. An
“Event Ended” acknowledgement message confirms that the
present ALD server transaction has ended.

The master event manager 106 maintains the overall status
of'the power load activities controlled by the power manage-
ment system 10. The master event manager 106 maintains a
separate state for each utility that is controlled and tracks the
current power usage within each utility. The master event
manager 106 also tracks the management condition of each
utility (e.g., whether or not each utility is currently being
managed). The master event manager 106 receives instruc-
tions in the form of transaction requests from the UCC com-
mand processor 104 and routes instructions to components
necessary to complete the requested transaction, such as the
ALC manager 108 and the power savings application 120.

The ALC manager 108 routes instructions between the
ALD server 100 and each active load client 300 within the
system 10 through an ALC interface 112. For instance, the
ALC manager 108 tracks the state of every active load client
300 serviced by specified utilities, grid operators and/or mar-
ket participants, by communicating with the active load client
300 through an individual IP address. The ALC interface 112
translates instructions (e.g., transactions) received from the
ALC manager 108 into the proper message structure under-
stood by the targeted active load client 300 and then sends the
message to the active load client 300. Likewise, when the
ALC interface 112 receives messages from an active load
client 300, it translates the message into a form understood by
the ALC manager 108 and routes the translated message to the
ALC manager 108.

The ALC manager 108 receives from each active load
client 300 that it services, either periodically or responsive to
polling messages sent by the ALC manager 108, messages
containing the present power consumption, PSV, PTB, and
combinations thereof, and the status (e.g., “ON” or “OFF” or
state) of each device controlled by the active load client 300.
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Alternatively, if individual device metering is not available,
then the total power consumption via PSV, and load manage-
ment status for the entire active load client 300 may be
reported. The information contained in each status message is
stored inthe ALD database 124 in arecord associated with the
specified active load client 300. The ALD database 124 con-
tains all the information necessary to manage every customer
account and power distribution. In one embodiment, the ALD
database 124 contains customer contact information, such as
names, addresses, phone numbers, email addresses, and asso-
ciated utility or market participant companies for all custom-
ers having active load clients 300 installed at their residences
or businesses, as well as a description of specific operating
instructions for each managed device (e.g., [P-addressable
smart breaker, load control ALC, or appliance), device status,
and device diagnostic history.

There are several types of messages that the ALC manager
108 may receive from an active load client 300 and process
accordingly. One such message is a security alert message. A
security alert message originates from an optional security or
safety monitoring system installed in the residence or busi-
ness and coupled to the active load client 300 (e.g., wirelessly
or via a wired connection). When a security alert message is
received, the ALC manager 108 accesses the ALD database
124 to obtain routing information for determining where to
send the alert, and then sends the alert as directed. For
example, the ALD manager 108 may be programmed to send
the alert or another message (e.g., an electronic mail message
or a pre-recorded voice message) to a security monitoring
service company and/or the owner of the residence or busi-
ness.

Another message communicated between an active load
client 300 and the AL.C manager 108 is a report trigger mes-
sage. A report trigger message alerts the ALD server 100 that
a predetermined amount of power, PSV, PTB, and combina-
tions thereof has been consumed by a specific device moni-
tored by an active load client 300. When a report trigger
message is received from an active load client 300, the ALC
manager 108 logs the information contained in the message in
the ALD database 124 for the customer associated with the
information-supplying active load client 300. The power con-
sumption information, including PSV, PTB, and combina-
tions thereof, is then used by the ALC manager 108 to deter-
mine the active load client(s) 300 to which to send a power
reduction or “Cut” or reduce message during a power reduc-
tion event to satisfy the operating reserve requirement.

Yet another message exchanged between an active load
client 300 and the ALC manager 108 is a status response
message. A status response message reports the type and
status of each device controlled by the active load client 300
to the ALD server 100. When a status response message is
received from an active load client 300, the AL.C manager 108
logs the information contained in the message in the ALD
database 124.

In one embodiment, upon receiving instructions (e.g., a
“Cut” or reduce instruction) from the master event manager
106 to reduce power consumption for a specified utility, the
ALC manager 108 determines which active load clients 300
and/or individually controlled devices to switch to the “OFF”
or reduced state based upon present power consumption data
stored in the ALD database 124, and in combination with
customer interface. The ALC manager 108 then sends a mes-
sage to each selected active load client 300 containing
instructions to turn off or reduce all or some of the devices
under the active load client’s (ALC’s) control.

In another embodiment, a power savings application 120
may be optionally included to calculate the total amount of
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power saved by each utility or market participant during a
power reduction event (referred to herein as a “Cut event” or
“reduce event™), as well as the amount of power saved, PSV,
PTB, and combinations for each customer whose active load
client 300 reduced the amount of power delivered, PSV, PTB,
and combinations thereof, and matched against a baseline
stored at either the ALC and/or ALD. The power savings
application 120 accesses the data stored in the ALD database
124 for each customer serviced by a particular utility and
stores the total cumulative power savings, or PSV (e.g., in
megawatts per hour, or kWH/MWH) accumulated by each
utility for each Cut or reduce event, i.e., curtailment or load
control event, in which the utility participated as an entry in
the utility Power and Carbon (“P&C”) database 134.

In a further embodiment, an optional carbon savings appli-
cation 132 uses the information produced by the power sav-
ings application 120, including PSV, PTB, and combinations,
to determine the amount of carbon saved by each utility and
by each customer for every Cut or reduce event. Carbon
savings information (e.g., type of fuel that was used to gen-
erate power for the customer set that was included in the just
completed event, power, PSV, PTB, and/or combinations
saved in the prior event, governmental standard calculation
rates, and/or other data, such as generation mix per serving
utility and geography of the customer’s location and the loca-
tion of the nearest power source) is stored in the ALD data-
base 124 for each active load client 300 (customer) and in the
utility P&C database 134 for each utility. The carbon savings
application 132 calculates the total equivalent carbon credits
saved for each active load client 300 (customer) and utility
participating in the previous Cut or reduce event, and stores
the information in the ALD database 124 and the utility P&C
database 134, respectively.

Additionally, the ALC manager 108 automatically pro-
vides for smooth operation of the entire power load manage-
ment system 10 by optionally interacting with a service dis-
patch manager 126. For example, when a new customer
subscribes to participate in the power load management sys-
tem 10, the service dispatch manager 126 is notified of the
new subscription from the customer sign-up application 116.
The service dispatch manager 126 then sends an activation
request to the ALC manager 108. Upon receiving the activa-
tion request from the service dispatch manager 126, the ALC
manager 108 may sends a query request for information to the
new active load client 300 and, upon receipt of the informa-
tion, provides it to the service dispatch manager 126. Addi-
tionally, if at any time the ALC manager 108 detects that a
particular active load client 300 is not functioning properly,
the ALC manager 108 may send a request for service to the
service dispatch manager 126 to arrange for a service call to
correct the problem. The ALCs and/or load consuming
devices may automatically discover and/or join a network of
ALC devices, automatically add customer profile(s).

In another embodiment, the service dispatch manager 126
may also receive requests for service from a call center man-
ager 130 that provides support to an operations center (not
shown), which receives telephone calls from customers of the
power load management system 10. When a customer calls
the operations center to request service, the call center man-
ager 130 logs the service call in the ALD database 124 and
sends a “Service” transaction message to the service dispatch
manager 126. When the service call has been completed, the
call center manager 130 receives a completed notification
from the service dispatch manager 126 and records the origi-
nal service call as “closed” in the ALD database 124.

In yet another embodiment, the service dispatch manager
126 may also instruct an ALC diagnostic manager 122 to
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perform a series of diagnostic tests for any active load client
300 for which the service dispatch manager 126 has received
a service request. After the ALC diagnostic manager 122 has
performed the diagnostic procedure, it returns the results to
the service dispatch manager 126. The service dispatch man-
ager 126 then invokes a trouble ticket generator 128 to pro-
duce a report (e.g., trouble ticket) that includes information
(some of which was retrieved by the service dispatch manager
126 from the ALD database 124) pertaining to the required
service (e.g., customer name, address, any special consider-
ation for accessing the necessary equipment, and the results
of the diagnostic process). A residential customer service
technician may then use the information provided in the
trouble ticket to select the type of equipment and replacement
parts necessary for performing a service call.

A read meter application 136 may be optionally invoked
when the UCC command processor 104 receives a “Read
Meters” or equivalent command from the utility control cen-
ter 200. The read meter application 136 cycles through the
ALD database 124 and sends a read meter message or com-
mand to each active load client 300, or those active load
clients 300 specifically identified in the UCC’s command, via
the ALC manager 108. The information received by the ALC
manager 108 from the active load client 300 is logged in the
ALD database 124 for each customer. When all the active load
client meter information has been received, the information is
sent to the requesting utility control center 200 using a busi-
ness to business (e.g., ebXML) or other desired protocol, or
other protocols established by ANSI or governing body
related to the grid.

The optional security device management block 140
includes program instructions for handling security system
messages received by the security interface 110. The security
device management block 140 includes routing information
for all security system messages and may further include
messaging options on a per customer or service company
basis. For example, one security service may require an email
alert from the ALD server 100 upon the occurrence of a
security event; whereas, another security service may require
that the message sent from the in-building system be passed
on by the active load client 300 and the ALD server 100
directly to the security service company.

In a further embodiment, the ALD server 100 also includes
a customer reports application 118 that generates reports to be
sent to individual customers detailing the amount of power
saved, PSV, PTB, and/or combinations, including against a
baseline, during a previous billing cycle. Each report may
contain a cumulative total of power savings over the prior
billing cycle, details of the amount of power saved per con-
trolled device (e.g., breaker or appliance), power savings
from utility directed events, power savings from customer
directed events, devices being managed, total carbon equiva-
lents used and saved during the period, and/or specific details
for each Cut or curtailment or reduce event in which the
customer’s active load client 300 participated. Customers
may also receive incentives and awards for participation in
the power load management system 10 through a customer
rewards program 150. For example, the utilities or a third
party system operator may enter into agreements with prod-
uct and/or service providers to offer system participants dis-
counts on products and services offered by the providers
based upon certain participation levels or milestones. The
rewards program 150 may be setup in a manner similar to
conventional frequent flyer programs in which points are
accumulated for power saved (e.g., one point for each mega-
watt saved or deferred) and, upon accumulation of predeter-
mined levels of points, the customer can select a product or
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service discount. Alternatively, a serving utility may offer a
customer a rate discount for participating in the system 10.

FIG. 29 illustrates a schematic diagram of an exemplary
active load client 300 in accordance with one embodiment of
the present invention. The depicted active load client 300
includes a Linux-based operating system 302, a status
response generator 304, a smart breaker module controller
306, a smart device interface 324, a communications interface
308, a security interface 310, an IP-based communication
converter 312, a device control manager 314, a smart breaker
(B1-BN) counter manager 316, a report trigger application
318, an IP router 320, a smart meter interface 322, a security
device interface 328, and an IP device interface 330. The
active load client 300, in this embodiment, is a computer or
processor-based system located on-site at a customer’s resi-
dence or business. The primary function of the active load
client 300 is to manage the power load levels of controllable
devices located at the residence or business, which the active
load client 300 oversees on behalf of the customer. In an
exemplary embodiment, the software running on the active
load client 300 operates using the Linux embedded operating
system 302 to manage the hardware and the general software
environment. One skilled in the art will readily recognize that
other operating systems, such as Microsoft’s family of oper-
ating systems, Mac OS, and Sun OS, C++, machine language,
among others, may be alternatively used. Additionally, the
active load client 300 may include DHCP client functionality
to enable the active load client 300 to dynamically request IP
addresses for itself and/or one or more controllable devices
402-412, 420, 460 managed thereby from a DHCP server on
the host IP network facilitating communications between the
active load client 300 and the ALD server 100. The active load
client 300 may further include router functionality and main-
tain a routing table of assigned IP addresses in a memory of
the active load client 300 to facilitate delivery of messages
from the active load client 300 to the controllable devices
402-412, 420, 460.

A communications interface 308 facilitates connectivity
between the active load client 300 and the ALD server 100.
Communication between the active load client 300 and the
ALD server 100 may be based on any type of IP or other
connection protocol, including but not limited to, the WiMax
protocol, and equivalents or alternatives, as discussed in the
foregoing. Thus, the communications interface 308 may be a
wired or wireless modem, a wireless access point, or other
appropriate interface.

A standard IP Layer-3 router 320 routes messages received
by the communications interface 308 to both the active load
client 300 and to any other locally connected device 440. The
router 320 determines if a received message is directed to the
active load client 300 and, if so, passes the message to a
security interface 310 to be decrypted. The security interface
310 provides protection for the contents of the messages
exchanged between the ALD server 100 and the active load
client 300. The message content is encrypted and decrypted
by the security interface 310 using, for example, a symmetric
encryption key composed of a combination of the IP address
and GPS data for the active load client 300 or any other
combination of known information. If the message is not
directed to the active load client 300, then it is passed to the IP
device interface 330 for delivery to one or more locally con-
nected devices 440. For example, the IP router 320 may be
programmed to route power load management system mes-
sages as well as conventional Internet messages. In such a
case, the active load client 300 may function as a gateway for
Internet service supplied to the residence or business instead
of using separate Internet gateways or routers.
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AnIP based communication converter 312 opens incoming
messages from the ALD server 100 and directs them to the
appropriate function within the active load client 300. The
converter 312 also receives messages from various active load
client 300 functions (e.g., a device control manager 314, a
status response generator 304, and a report trigger application
318), packages the messages in the form expected by the ALD
server 100, and then passes them on to the security interface
310 for encryption.

The device control manager 314 processes power manage-
ment commands and/or command messages for various con-
trollable devices logically connected to the active load client
300. The devices can be either smart breakers, smart meters,
load control appliances, building control systems, and the
like, 402-412 or other IP based devices 420, such as smart
appliances with individual control modules (not shown). The
device control manager 314 also processes “Query Request”
or equivalent commands or messages from the ALD server
100 by querying a status response generator 304 which main-
tains the type and status of each device controlled by the
active load client 300, and providing the statuses to the ALD
server 100. The “Query Request” message may include infor-
mation other than mere status requests, such as temperature
set points for thermally controlled devices, time intervals
during which load control is permitted or prohibited, dates
during which load control is permitted or prohibited, and
priorities of device control (e.g., during a power reduction
event, hot water heater and pool pump are turned off before
HVAC unit is turned oft), PSV, PTB, and/or combinations
thereof. If temperature set points or other non-status informa-
tion are included in a “Query Request” message and there is
adevice attached to the active load client 300 that can process
the information, the temperature set points or other informa-
tion are sent to that device 420 via a smart device interface
324.

The status response generator 304 receives status messages
from the ALD server 100 and, responsive thereto, polls each
controllable device 402-412, 420, 460 under the active load
client’s control to determine whether the controllable device
402-412, 420, 460 is active and in good operational order.
Each controllable device 402-412, 420, 460 responds to the
polls with operational information (e.g., activity status and/or
error reports) in a status response message. The active load
client 300 stores the status responses in a memory associated
with the status response generator 304 for reference in con-
nection with power reduction events.

The smart device interface 324 facilitates IP or other
address-based communications to individual devices 420
(e.g., smart appliance power control modules) that are
attached to the active load client 300. The connectivity can be
through one of several different types of networks, including
but not limited to, BPL, ZigBee, Wi-Fi, Bluetooth, or direct
Ethernet communications. Thus, the smart device interface
324 is a modem adapted for use in or on the network connect-
ing the smart devices 420 to the active load client 300. The
smart device interface 324 also allows the device control
manager 314 to manage those devices that have the capability
to sense temperature settings and respond to temperature
variations.

The smart breakers, smart meters, load control appliances,
building control systems, and the like, module controller 306
formats, sends, and receives messages, including power con-
trol, PSV, PTB, and/or combinations thereof, instructions, to
and from the smart breaker module 400. In one embodiment,
the communications is preferably through a BPL connection.
In such embodiment, the smart breaker module controller 306
includes a BPL. modem and operations software. The smart
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breaker module 400 contains individual smart breakers, smart
meters, load control appliances, building control systems, and
the like, 402-412, wherein each smart breaker 402-412
includes an applicable modem (e.g., a BPL. modem when
BPL is the networking technology employed) and is prefer-
ably in-line with power supplied to a single appliance or other
device. The B1-BN counter manager 316 determines and
stores real time power usage for each installed smart breaker
402-412. For example, the counter manager 316 tracks or
counts the amount of power or PSV, PTB, and/or combina-
tions used by each smart breaker 402-412 and stores the
counted amounts of power in a memory of the active load
client 300 associated with the counter manager 316. When the
counter for any breaker 402-412 reaches a predetermined
limit, the counter manager 316 provides an identification
number corresponding to the smart breaker 402-412 and the
corresponding amount of power (power number), PSV, PTB,
and combinations thereof, to the report trigger application
318. Once the information is passed to the report trigger
application 318, the counter manager 316 resets the counter
for the applicable breaker 402-412 to zero so that information
can once again be collected. The report trigger application
318 then creates a reporting message containing identifica-
tion information for the active load client 300, identification
information for the particular smart breaker 402-412, and the
power number, and sends the report to the IP based commu-
nication converter 312 for transmission to the ALD server
100.

The smart meter interface 322 manages either smart meters
460 that communicate using the communications methods or
a current sensor 452 connected to a traditional power meter
450. When the active load client 300 receives a “Read
Meters” command or message from the ALD server 100 and
a smart meter 460 is attached to the active load client 300, a
“Read Meters” command is sent to the meter 460 via the
smart meter interface 322 (e.g., a BPL modem). The smart
meter interface 322 receives a reply to the “Read Meters”
message from the smart meter 460, formats this information
along with identification information for the active load client
300, and provides the formatted message to the IP based
communication converter 312 for transmission to the ALD
server 100.

A security device interface 328 transfers security messages
to and from any attached security device. For example, the
security device interface 328 may be coupled by wire or
wirelessly to a monitoring or security system that includes
motion sensors, mechanical sensors, optical sensors, electri-
cal sensors, smoke detectors, carbon monoxide detectors,
and/or other safety and security monitoring devices. When
the monitoring system detects a security or safety problem
(e.g., break-in, fire, excessive carbon monoxide levels), the
monitoring system sends its alarm signal to the security inter-
face 328, which in turn forwards the alarm signal to the IP
network through the ALD server 100 for delivery to the target
IP address (e.g., the security monitoring service provider).
The security device interface 328 may also be capable of
communicating with the attached security device through the
IP device interface to recognize a notification message from
the device that it has lost its line based telephone connection.
Once that notification has been received, an alert message is
formatted and sent to the ALD server 100 through the IP
based communication converter 312.

Operation of the power management system 10 in accor-
dance with exemplary embodiments will now be described. In
one embodiment, customers initially sign up for power load
management services using a web browser, or any web-en-
abled device. Using the web browser, the customer accesses a
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power management system provider’s website through the
web browser interface 114 and provides his or her name and
address information, as well as the type of equipment he or
she would like to have controlled by the power load manage-
ment system and/or ALD 10 to save energy at peak load times
and to accumulate power savings or carbon credits (which
may be used to receive reward incentives based upon the total
amount of power, PSV, or carbon saved by the customer). The
customer may also agree to allow management of power
consumption via PTBs during non-peak times to sell back
excess power to the utility, while simultaneously accumulat-
ing power savings or carbon credits.

The customer sign up application 116 creates a database
entry for each customer in the ALD database 124. Each cus-
tomer’s contact information and load management prefer-
ences are stored or logged in the database 124. For example,
the customer may be given several simple options for man-
aging any number of devices or class of devices, including
parameters for managing the devices (e.g., how long each
type of device may be switched off, reduced, and/or define
hours when the devices may not be switched off at all) in a
building control system a plurality of options exists. In par-
ticular, the customer may also be able to provide specific
parameters for HVAC operations (e.g., set control points for
the HVAC system specifying both the low and high tempera-
ture ranges). Additionally, the customer may be given an
option of receiving a notification (e.g., an email message,
Instant Message, Text Message, or recorded phone call, or
any combination thereof) when a power management event
occurs. When the customer completes entering data, a “New
Service” or equivalent transaction message or command is
sent to the service dispatch manager 126.

Referring now again to FIG. 28 an exemplary operational
flow diagram is illustrated providing steps executed by the
ALD server 100 (e.g., as part of the service dispatch manager
126) to manage service requests in the exemplary power load
management system 10, in accordance with one embodiment
of the present invention. The steps of F1G. 28 are preferably
implemented as a set of computer instructions (software)
stored in a memory (not shown) of the ALD server 100 and
executed by one or more processors (not shown) of the ALD
server 100. Pursuant to the logic flow, the service dispatch
manager 126 receives a transaction message or command and
determines the type of transaction. Upon receiving a “New
Service” transaction message, the service dispatch manager
126 schedules a service person (e.g., technician) to make an
initial installation visit to the new customer. The service dis-
patch manager 126 then notifies the scheduled service person,
or dispatcher of service personnel, of an awaiting service call
using, for example, email, text messaging, and/or instant mes-
saging notifications. Alternatively, a technician can use a
“joining” device such as a PC, computer, tablet computer,
smartphone, etc.

In one embodiment, responsive to the service call notifica-
tion, the service person obtains the new customer’s name and
address, a description of the desired service, and a service
time from a service dispatch manager service log. The service
person obtains an active load client 300, all necessary smart
breaker modules 402-412, and all necessary smart switches
and/or ALCs to install at the customer location. The service
person notes any missing information from the customer’s
database information (e.g., the devices being controlled, type
make and model of each device, and any other information the
system will need to function correctly). The service person
installs the active load client 300 and smart breakers 402-412
at the new customer’s location. A global positioning satellite
(GPS) device may optionally be used by the service person to
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determine an accurate geographic location of the new cus-
tomer building, which will be added to the customer’s entry in
the ALD database 124 and may be used to create a symmetric
encryption key to facilitate secure communications between
the ALD server 100 and the active load client 300. The physi-
cal location of the installed active load client 300 is also
entered into the customer’s entry. Smart switch devices may
be installed by the service person or left at the customer
location for installation by the customer. After the active load
client 300 has been installed, the service dispatch manager
126 receives a report from the service person, via a service
log, indicating that the installation is complete. The service
dispatch manager 126 then sends an “Update” or equivalent
transaction message to the AL.C manager 108.

When a “Service” or similar transaction message or com-
mand is received, the service dispatch manager 126 schedules
(512) a service person to make a service call to the specified
customer. The service dispatch manager 126 then sends a
“Diagnose” or similar transaction to the AL.C diagnostic man-
ager 122. The ALC diagnostic manager 122 returns the results
of the diagnostic procedure to the service dispatch manager
126, which then notifies the service person of the service call
and provides him or her with the results of the diagnostic
procedure using a conventional trouble ticket. The service
person uses the diagnostic procedure results in the trouble
ticket to select the type of equipment and replacement parts
necessary for the service call including a “join”, “rejoin”, or
“network” command to form an ALC-enabled load control
network.

Preferably, the systems and methods of the present inven-
tion provide for automated remote updating of ALCs, includ-
ing but not limited to software, firmware, chipsets, kernels,
and combinations thereof. Updating through the ALD(s) and/
or central server, and/or dedicated server for updating AL.Cs
is provided by the present invention. Also, commands are sent
for purposes for updating PSV, PTB by a central and/or
remote device or server, or processor, meant to enhance for
update PSV, PTB, or location of PTB server point ASIC
within an IP message or proprietary message that deal with
table spaces, pricing, changes in acceptable time increments,
status messages, location of market (LMP, node, electrical
bus, etc.) for the load for marketing, aggregated, settled, and
combinations thereof. The updating is for purposes of PSV,
PTB, or ability to know the health and/or status of any zone
within the electric power grid. Thus, the systems and methods
of the present invention provide for automatic updating by
remote server or dedicated device(s), through ALD(s) and/or
directly to ALC(s) that affect any aspect of updating of AL.Cs
relating to software, firmware, rules, metrology, ASICs,
chipsets, machine code, operating systems, and combinations
thereof. Furthermore, ALCs may be updated for improved or
increased accuracy of ALCs to qualify PSV and PTB associ-
ated therewith. Also, the present invention provides for AL.Cs
with smart cross-communication that provide for at least one
ALC to transmit commands to at least one other ALC within
the network associated with the electric power grid.

FIG. 30 illustrates an exemplary operational flow diagram
600 providing steps executed by the ALD server 100 (e.g., as
part of the ALC manager 108) to confirm customer sign-up to
the power load management system 10, in accordance with
one embodiment of the present invention. The steps of FIG. 5
are preferably implemented as a set of computer instructions
(software) stored in a memory (not shown) of the ALD server
100 and executed by one or more processors (not shown) of
the ALD server 100. In accordance with the logic flow, the
ALC manager 108 receives (602) an “Update” or similar
transaction message or command from the service dispatch
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manager 126 and uses the IP address specified in the
“Update” message to send (604) out a “Query Request” or
similar message or command to the active load client 300.
The “Query Request” message includes a list of devices the
ALD server 100 expects to be managed. If the customer
information input at customer sign-up includes temperature
set points for one or more load-controllable devices, that
information is included in the “Query Request” message.
Updating software, firmware, or any code embodiment via
communication network via IP messages after the ALC are
installed via the ALD or other operations processor/database.
The ALC manager 108 receives (606) a query reply contain-
ing information about the active load client 300 (e.g., current
1P network, operational state (e.g., functioning or not), setting
of'all the counters for measuring current usage (e.g., all are set
to zero at initial set up time), status of devices being con-
trolled (e.g., either switched to the “on” state or “off” state)).
The ALC manager 108 updates (608) the ALD database 124
with the latest status information obtained from the active
load client 300. If the ALC manager 108 detects (610), from
the query reply, that the active load client 300 is functioning
properly, it sets (612) the customer state to “active” to allow
participation in ALD server activities. However, if the ALC
manager 108 detects (610) that the active load client 300 is not
functioning properly, it sends (614) a “Service” or similar
transaction message or command to the service dispatch man-
ager 126.

Referring now again to previously described FIG. 1C, an
exemplary operational flow diagram 700 is illustrated provid-
ing steps executed by the ALD server 100 (e.g., as part of the
master event manager 106) to manage events in the exem-
plary power load management system 10, in accordance with
one embodiment of the present invention. The steps of FIG. 6
are preferably implemented as a set of computer instructions
(software) stored in a memory (not shown) of the ALD server
100 and executed by one or more processors (not shown) of
the ALD server 100. Pursuant to the logic flow, the master
event manager 106 tracks (702) current power usage and/or
PSV within each utility being managed by the ALD server
100. When the master event manager 106 receives (704) a
transaction message or command from the UCC command
processor 104 or the ALC manager 108, the master event
manager 106 determines (706) the type of transaction
received. Upon receiving a “Cut” or “reduce” transaction
from the UCC command processor 104 (resulting from a
“Cut” or “reduce” command issued by the utility control
center 200), the master event manager 106 places (708) the
utility in a managed logical state. The master event manager
then sends (710) a “Cut” or “reduce” transaction or event
message or command to the ALC manager 108 identifying
the amount of power and/or PSV and/or PTB (e.g., in mega-
watts) that must be removed from the power system supplied
by the utility. The amount of power specified for reduction in
a “Cut” or “reduce” command may be an instantaneous
amount of power and/or PSV and/or PTB or an average
amount of power and/or PSV and/or PTB per unit time.
Finally, the master event manager 106 notifies (711) every
customer that has chosen to receive a notification (e.g.,
through transmission of an email or other pre-established
notification technique) that a power management event is in
process.

Returning to block 706, when the master event manager
106 receives a “How Much” or other equivalent power
inquiry transaction message or command from the UCC com-
mand processor 104 (resulting from a “How Much” and/or
PSV and/or PTB or equivalent power inquiry command
issued by the utility control center 200), the master event
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manager 106 determines (712) the amount of power and/or
PSV and/or PTB that may be temporarily removed from a
particular utility’s managed system by accessing the current
usage information for that utility. The current usage informa-
tion is derived, in one embodiment, by aggregating the total
available load for the serving utility, as determined from the
customer usage information for the utility stored in the ALD
database 124, based on the total amount of power and/or PSV
and/or PTB that may have to be supplied to the utility’s
customers in view of the statuses of each of the active load
clients 300 and their respectively controllable load devices
402-412, 420, 460 during the load control interval identified
in the “How Much” and/or PSV and/or PTB message.

Each utility may indicate a maximum amount of power or
maximum percentage of power to be reduced during any
power reduction event. Such maximums or limits may be
stored in the utility P&C database 134 of the ALD server 100
and downloaded to the master event manager 106. In one
embodiment, the master event manager 106 is programmed to
remove a default one percent (1%) of the utility’s current
power consumption during any particular power management
period (e.g., one hour). In alternative embodiments, the mas-
ter event manager 106 may be programmed to remove other
fixed percentages of current power consumption or varying
percentages of current power consumption based on the cur-
rent power consumption (e.g., 1% when power consumption
is at system maximum and 10% when power consumption is
at only 50% of system maximum). Based on the amount of
power to be removed, the master event manager 106 sends
(710) a “Cut” or equivalent event message to the ALC man-
ager 108 indicating the amount of power (e.g., in megawatts)
that must be removed from the utility’s power system (e.g.,
1% of the current usage), and notifies (711) all customers that
have chosen to receive a notification that a power manage-
ment event is in process. The master event manager 106 also
sends a response to the utility control center 200 via the UCC
command processor 104 advising the utility control center
200 as to the quantity of power that can be temporarily
reduced by the requesting utility.

Returning once again to block 706, when the master event
manager 106 receives an “End Event” or equivalent transac-
tion message or command from the UCC command processor
104 (resulting from an “End Event” command issued by the
utility control center 200), the master event manager 106 sets
(714) the state of the current event as “Pending” and sends
(716) an “End Event” or equivalent transaction message or
command to the AL.C manager 108. When the AL.C manager
108 has performed the steps necessary to end the present
event (e.g., a power reduction or Cut event), the master event
manager 106 receives (718) an “Event Ended” or equivalent
transaction from the ALC manager 108 and sets (720) the
utility to a logical “Not Managed” state. The master event
manager 106 then notifies (722) each customer that has cho-
sen to receive a notification (e.g., through transmission of an
email or other pre-established notification mechanism) that
the power management event has ended. Finally, the master
event manager 106 sends an “Event Ended” or equivalent
transaction message or command to the power savings appli-
cation 120 and the utility control center 200 (via the UCC
command processor 104).

Turning now again to FIG. 1D, also previously described,
exemplary operational flow diagram 800 illustrates steps
executed by the ALD server 100 (e.g., as part of the ALC
manager 108) to manage power consumption in the exem-
plary power load management system 10, in accordance with
one embodiment of the present invention. The steps of FIG.
1D are preferably implemented as a set of computer instruc-
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tions (software) stored in a memory of the ALD server 100
and executed by one or more processors of the ALD server
100. In accordance with the logic flow, the AL.C manager 108
tracks (802) the state of each managed active load client 300
by receiving messages, periodically or responsive to polls
issued by the ALC manager 108, from every active load client
300 that the ALC manager 108 manages. These messages
indicate the present states of the active load clients 300. The
state includes the present consumption of power for each
controllable device 402-412, 420 controlled by the active load
client 300 (or the total power consumption for all controllable
devices 402-412, 420 controlled by the active load client 300
ifindividual device metering is not available) and the status of
each device 402-412, 420 (e.g., either “Off” or “On” or
“Reduce”). The ALC manager 108 stores or logs (804) the
power consumption and/or PSV and/or PTB and device status
information in the ALD database 124 in a record correspond-
ing to the specified active load client 300 and its associated
customer and serving utility. Note that there may be distrib-
uted throughout the grid a multiplicity of ALCs and ALDs
that are networked and responsive to the grid operator, EMS,
utility, market participant, and combinations thereof. Further-
more, AL.Cs aggregate corresponding PSVs and/or PTBs,
preferably at the electrical bus level, LMP, RTO, BA, etc. at
appropriate PTBs for settlement purposes and other EMS
requirements.

When the AL.C manager 108 receives (806) a transaction
message from the master event manager 106, the AL.C man-
ager 108 first determines (808) the type of transaction
received. If the ALC manager 108 receives a “Cut” or equiva-
lent transaction message or command from the master event
manager 106, the AL.C manager 108 enters (810) a “Manage”
logical state. The ALC manager 108 then determines (812)
which active load clients 300 and associated devices 402-412,
420 operating on the utility specified in the “Cut” message to
switch to the “Off” state (or reduce). If a location (e.g., list of
GPS coordinates, a GPS coordinate range, a geographic area,
or a power grid reference area) is included in the “Cut” or
reduce transaction message, only those active load clients 300
within the specified location are selected for switching to the
“Off” or reduce state. In other words, the ALC manager 108
selects the group of active load client devices 300 to which the
issue a “Turn Off” or reduce transaction message based at
least partially on the geographic location of each active load
client 300 as such location relates to any location identified in
the received “Cut” or reduce transaction message. The ALD
database 124 contains information on the present power con-
sumption (and/or the average power consumption and/or PSV
and/or PTB) for each controllable device 402-412, 420 con-
nected to each active load client 300 in the system 10. The
ALC manager 108 utilizes the stored power consumption
information and/or PSV and/or PTB to determine how many,
and to select which, devices 402-412, 420 to turn off to
achieve the power reduction required by the “Cut” message.
The ALC manager 108 then sends (814) a “Turn Off” or
equivalent transaction message or command to each active
load client 300, along with a list of the devices to be turned off
and a “change state to off or reduce” indication for each
device 402-412, 420 in the list. The ALC manager 108 then
logs (816) the amount of power (either actual or average), as
determined from the ALD database 124, saved for each active
load client 300, along with a time stamp indicating when the
power was reduced and/or target PSV and/or PTB was
achieved. The AL.C manager 108 then schedules (818) trans-
actions for itself to “Turn On” each turned-off device after a
predetermined period of time, including customer profile, or
“drift” (e.g., which may have been set from a utility specified
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default, set by instructions from the customer, or otherwise
programmed into the AL.C manager 108).

Returning back to block 808, when the ALC manager 108
receives a “Turn On” or equivalent transaction message or
command from the master event manager 106 for a specified
active load client 300, and the ALC manager’s state is cur-
rently in a “Manage” state, the AL.C manager 108 finds (820)
one or more active load clients 300 that are in the “On” state
and do not have any of their managed devices 402-412, 420
turned off (and are in the specified location if so required by
the original “Cut” or reduce transaction message), which,
when one or more of such devices 402-412, 420 are turned off
or reduced, will save the same or substantially the same
amount of power and/or PSV and/or PTB that is presently
being saved by the specified active load clients that are in the
“Off” or reduce state. Upon identifying new active load cli-
ents 300 from which to save power, the ALC manager 108
sends (822) a “Turn Off” or reduce or equivalent transaction
message or command to each active load client 300 that must
be turned off or power thereto reduced in order to save the
same amount of power and/or PSV and/or PTB, as the active
load client(s) (ALCs) to be turned on (i.e., to have its or their
managed devices 402-412, 420 turned on) or to save an oth-
erwise acceptable amount of power and/or PSV and/or PTB
(e.g., a portion of the power previously saved by the active
load client(s) to be turned back on). The ALC manager 108
also sends (824) a “Turn On” or equivalent transaction mes-
sage or command to each active load client 300 to be turned
back on. The “Turn On” message instructs all active load
clients 300 to which the message was directed to turn on any
controllable devices that have been turned off, and causes the
affected active load clients 300 to instruct their controllable
devices 402-412, 420 to enable the flow of electric power to
their associated power consuming devices (e.g., appliance,
HVAC unit, and so forth). Finally, the ALC manager 108 logs
(826) the time that the “Turn On” transaction message is sent
in the ALD database 124.

Returning once again to block 808, when the ALC manager
108 receives an “End Event” or equivalent transaction mes-
sage or command from the master event manager 106, the
ALC manager 108 sends (828) a “Turn On” or equivalent
transaction message or command to every active load client
300 which is currently in the “Off” or reduce state and is
served by the serving utility identified in the “End Event”
message or to which the “End Event” message relates. Upon
determining (830) that all the appropriate active load clients
300 have transitioned to the “On” state, the ALC manager 108
sends (832) an “Event Ended” or equivalent transaction mes-
sage or command to the master event manager 106.

An exemplary operational flow of steps executed by the
ALD server 100 (e.g., through operation of the power savings
application 120) to calculate and allocate power savings in the
power load management system 10, in accordance with one
embodiment of the present invention is further described
herein. The power savings application 120 calculates the total
amount of power saved by each utility for each Cut or reduce
event and the amount of power saved by each customer pos-
sessing an active load client (ALC) 300, against a baseline.

According to the logic flow of FIG. 26, the power savings
application 120 receives (902) an “Event Ended” or equiva-
lent transaction message or command from the master event
manager 106 each time a “Cut” or reduce or power savings
event has ended. The power savings application 120 then
accesses (904) the ALD database 124 for each active load
client 300 involved in the “Cut” or reduce event. The database
record for each active load client 300 contains the actual
amount (or average amount) of power and/or PSV and/or
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PTB that would have been used by the active load client 300
during the last “Cut” or reduce event, along with the amount
of time that each controllable device 402-412, 420 associated
with the active load client 300 was turned off. The power
savings application 120 uses this information to calculate the
amount of power (e.g., in megawatts per hour) that was saved
for each active load client 300. The total power savings and/or
PSV and/or PTB for each active load client 300 is stored in its
corresponding entry in the AL D database 124. A running total
of power saved is kept for each “Cut” or reduce transaction.
Each utility that is served by the ALD server 100 has an entry
in the utility P&C database 134. The power savings applica-
tion 120 stores (906) the total amount of power and/or PSV
and/or PTB (e.g., in megawatts per hour) saved for the spe-
cific utility in the utility’s corresponding entry in the utility or
market participant P&C database 134, along with other infor-
mation related to the power savings event (e.g., the time
duration of the event, the number of active load clients
(ALCs) required to reach the power savings and/or PSV and/
or PTB, average length of time each device was in the off
state, plus any other information that would be useful in fine
tuning future events and in improving customer experience).
When all active load client entries have been processed, the
power savings application 120 optionally invokes (908) the
carbon savings application 132 or, analogously, a sulfur diox-
ide savings application or a nitrogen dioxide savings appli-
cation, to correlate the power savings with carbon credits,
sulfur dioxide credits or nitrogen dioxide credits, respec-
tively, based on the geographic locations of the particular
serving utility or market participant and customer. Addition-
ally, in one embodiment, the carbon savings application 132
determines carbon credits based on government approved or
supplied formulas and stores the determined carbon credits
and/or PSV and/or PTB on a per customer and/or per utility
basis.

As described above, the present invention encompasses a
method for managing and distributing power within a power
management system based on real-time feedback from
addressable and remotely controllable devices including the
actual amount of power currently being individually or col-
lectively consumed by the addressable devices. With this
invention, a power management system may pinpoint specific
areas of high power usage and more accurately distribute
power loads to utilities in need. Additionally, the present
invention provides optional participation incentives for cus-
tomers based on the amount of their actual participation in the
power management system.

Additionally, customer profiles for power consumption are
included in the present invention. The embodiments
described utilize concepts disclosed in published patent
application US 2009/0062970, entitled “System and Method
for Active Power Load Management” which is incorporated
by reference in its entirety herein. The following paragraphs
describe the Active Management Load System (ALMS),
which includes at least one Active Load Director (ALD), and
at least one Active Load Client (ALC) in sufficient detail to
assist the reader in the understanding of the embodiments
described herein. More detailed description of the ALMS,
ALD, and ALC can be found in US 2009/0062970, which is
incorporated herein by reference in its entirety.

Embodiments described herein utilize the Active Load
Management System (ALMS) that is fully described in pub-
lished patent application US 2009/0062970. The ALMS cap-
tures energy usage data at each service point and stores that
data in a central database. This data describes all of the energy
consumed by devices owned by each customer, as well as
additional information, such as customer preferences. Other
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embodiments of the ALMS and/or ALC/ALD combination
focus on use of this information in the calculation of carbon
credits or for the trading of unused energy.

In one embodiment, a system and method are provided for
creating and making use of customer profiles, including
energy consumption patterns. Devices within a service point,
using the active load director, may be subject to control
events, often based on customer preferences. These control
events cause the service point to use less power. Data associ-
ated with these control events, as well as related environment
data, are used to create an energy consumption profile for
each service point. This can be used by the utility to determine
which service points are the best targets for energy consump-
tion. In addition, an additional algorithm determines how to
prevent the same service points from being picked first each
time the utility wants to conserve power.

In one embodiment, a method is provided for determining
and using customer energy profiles to manage electrical load
control events on a communications network between a
server in communication with an electric utility and a client
device at each of a plurality of service points. A customer
profile is generated at the server for each of a plurality of
customers including at least energy consumption information
for a plurality of controllable energy consuming devices at an
associated service point. The plurality of customer profiles is
stored in a database at the server foruse inload control events.
The plurality of customer profiles are aggregated into a plu-
rality of groups based on at least one predetermined criterion,
for example PSV and/or PTB, grouping by bus, as required.

A candidate list of service points for load control events
based on the predetermined criterion is generated at the
server. A load control event is sent to at least one selected
service point in the candidate list of service points in response
to an energy reduction request including a target energy sav-
ings received from the electric utility via the communications
network. An energy savings for the plurality of controllable
energy consuming devices resulting from the load control
event at the selected service point is determined at the server.
The server determines if the resulting energy savings is at
least equal to the target energy savings. The load control event
is sent to at least one selected additional service point in the
candidate list of service points in order to reach the target
energy savings, if the target energy savings has not been
reached.

In one embodiment, a system is provided for determining
and using customer energy profiles to manage electrical load
control events on a communications network between a
server in communication with an electric utility and a client
device at each of a plurality of service points, including an
interface for each customer location that could be an ALC,
smart meter, building control, and combinations thereof. The
system includes a memory storing a database containing a
plurality of customer profiles for load control events wherein
each customer profile includes at least energy consumption
information for a plurality of controllable energy consuming
devices at an associated service point; and a server processor,
cooperative with the memory, and configured for managing
electrical load control events on the communications network
to the plurality of service points by: generating a customer
profile for each of a plurality of customers; aggregating the
plurality of customer profiles into a plurality of groups based
on at least one predetermined criterion; generating a candi-
date list of service points for load control events based on the
predetermined criterion; sending a load control event to at
least one selected service point in the candidate list of service
points in response to an energy reduction request including a
target energy savings received from the electric utility via the
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communications network; determining an energy savings for
the plurality of controllable energy consuming devices result-
ing from the load control event at the selected service point;
determining if the resulting energy savings is at least equal to
the target energy savings; and sending the load control event
to at least one selected additional service point in the candi-
date list of service points in order to reach the target energy
savings.

Note that control events, command and control messages,
and time periods, and combinations thereof, managed by the
ALCs and/or ALDs, and other messaging used in embodi-
ments of the invention include regulated load management
messages. Regulated load management messages contain
information used to apply control of the electric supply to
individual appliances or equipment on customer premises.
The load to be controlled includes native load and operating
reserves including regulating, spinning, and non-spinning
types. The embodiments disclosed make use ofthe “customer
profiles” concept. The ALMS and/or ALC/ALD combina-
tion(s) enables data to be gathered to generate a profile of each
customer, including information about controllable energy
consuming devices, and the related individual structures or
service points. Customer profiles reside within the Active
Load Director Database 124 in the Active Load Director 100.
Included in this customer profile is the customer’s pattern of
energy consumption. The customer profile includes, but is not
limited to, the following: (1) customer name; (2) customer
address; (3) geodetic location; (4) meter ID; (5) customer
programs (possibly including program history); (6) device
information, including device type and manufacturer/brand;
(7) customer energy consumption patterns; and (8) connec-
tion and disconnection profile. The connection/disconnection
profile can include service priority (i.e., elderly, police, etc.)
and disconnection instructions. The customer profile is cre-
ated by using data gathered from within the ALMS. Data
gathered or calculated includes, but is not be limited to, the
following: (1) set points; (2) energy and average energy used
in a given time period; (3) energy and average energy saved in
a given time period; (4) drift time per unit temperature and
average drift time; and (5) power time per unit temperature
and average power time per unit temperature.

In other embodiments, additional data called “variability
factors” may be captured by the ALMS or ALC/ALD com-
bination as part of the customer profile, including, but not
limited to, the following: (1) outside temperature, (2) sun-
light, (3) humidity, (4) wind speed and direction, (5) elevation
above sea level, (6) orientation of the service point structure,
(7) duty duration and percentage, (8) set point difference, (9)
current and historic room temperature, (10) size of structure,
(11) number of floors, (12) type of construction (brick, wood,
siding etc.) (13) color of structure, (14) type of roofing mate-
rial and color, (15) construction surface of structure (built on
turf, clay, cement, asphalt etc.), (16) land use (urban, subur-
ban, rural), (17) latitude/longitude, (18) relative positionto jet
stream, (19) quality of power to devices, (20) number of
people living in and/or using structure and (21) other envi-
ronmental factors.

Additional factors may also be deemed necessary for deter-
mining unique energy consumption patterns and generating
performance curves and data matrices for usage in load con-
trol events and other purposes detailed in this and related
patent applications.

By way of example, based upon the reduction in consumed
power, the systems and methods of the present invention
provide for generating at the control center a power supply
value (PSV) corresponding to the reduction in consumed
power by the power consuming device(s). Importantly, the

10

15

20

25

30

35

40

45

50

55

60

65

42

PSV is an actual value that includes measurement and veri-
fication of the reduction in consumed power; such measure-
ment and verification methods may be determined by the
appropriate governing body or authority for the electric
power grid(s). Power Supply Value (PSV) is calculated at the
meter or submeter or at building control system or at any
device or controller that measures power within the standard
as supplied by the regulatory body(ies) that govern the regu-
lation of the grid. PSV variations may depend on operating
tolerances, operating standard for accuracy of the measure-
ment. The PSV enables transformation of curtailment or
reduction in power at the device level by any system that
sends or receives an [P message to be related to or equated to
supply as presented to the governing entity that accepts these
values and award supply equivalence, for example of a power
generating entity or an entity allowed to control power con-
suming devices as permitted by the governing body of the
electric power grid, e.g., FERC, NERC, etc.

PSV may be provided in units of electrical power flow,
monetary equivalent, and combinations thereof. Thus, the
PSV provides an actual value that is confirmed by measure-
ment and/or verification, thereby providing for a curtailment
value as a requirement for providing supply to the power grid,
wherein the supply to the power electric power grid is pro-
vided for grid stability, voltage stability, reliability, and com-
binations thereof, and is further provided as responsive to an
energy management system or equivalent for providing grid
stability, reliability, frequency as determined by governing
authority for the electric power grid and/or grid operator(s).

As part of the Active Load Directory (ALD), the methods
described herein consolidate this information creating a his-
toric energy consumption pattern reflecting the amount of
energy used by each service point to maintain its normal
mode of operation. This energy consumption pattern is part of
a customer’s profile.

Energy consumption patterns are subject to analysis that
may be used for a variety of different types of activities. For
example, based on the energy consumption patterns created
from this data, the ALD will derive performance curves and/
or data matrices for each service point to which the Active
Load Management System (ALC/ALD combination(s)) is
attached and determine the amount of energy reduction that
can be realized from each service point. The ALD will create
alist of service points through which energy consumption can
be reduced via demand side management, interruptible load,
or spinning/regulation reserves. This information can be
manipulated by the ALD processes to create a prioritized,
rotational order of control, called “intelligent load rotation”
which is described in detail below. This rotational shifting of
the burden of the interruptible load has the practical effect of
reducing and flattening the utility load curve while allowing
the serving utility to effectively group its customers within
the ALD or its own databases by energy efficiency.

The practical application of this data is that in load control
events, a utility can determine the most efficient service
points to dispatch energy from, or more importantly derive
the most inefficient service points (e.g., homes, small busi-
nesses, communities, structures, or devices) within the utili-
ty’s operating territory. Based on this information, highly
targeted conservation programs could have an immediate
impact to improve energy efficiency. From a marketing per-
spective, this is invaluable information because it contains the
comfort preference of a service point compared against the
capabilities of the service point’s energy consuming devices,
or the lack of efficiency of those devices. From a national
security point of view, the profiles could be used to determine
habits of monitored end customers in a similar fashion to how
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Communications Assistance for Law Enforcement Act
(CALEA) is used by law enforcement for wire-tapping. Utili-
ties may use energy consumption patterns to categorize or
group customers for service, control event, marketing, sales,
or other purposes. Other uses of energy consumption patterns
are possible that determine or predict customer behavior.

Generally, the embodiments described encompass a closed
loop system and method for creating a customer profile, cal-
culating and deriving patterns of energy drift, and making use
of those patterns when implemented through the machinery
of a system comprised of load measurement devices com-
bined with the physical communications link and when these
inputs are manipulated through a computer, processor,
memory, routers and other necessary machines as those who
are skilled in the art would expect to be utilized.

The embodiments described also make use of the concept
of““drift.” The data gathered for the customer profile is used to
empirically derive the decay rate or drift, temperature slope,
or a dynamic equation (f{x}) whereby the service point (or
device) will have a uniquely derived “fingerprint” or energy
usage pattern.

Drift occurs when a climate-controlled device begins to
deviate from a set point. This may occur both normally and
during control events. Customers define the upper and lower
boundaries of comfort in customer preferences, with the set
point in the middle of those boundaries. During normal opera-
tion, a climate controlled device will attempt to stay near the
device’s set point. However, all devices have a duty cycle that
specifies when the device is in operation because many
devices are not continuously in operation. For a climate-
controlled device, the duty cycle ends when the inside tem-
perature reaches, or is within a given tolerance of, the set
point. This allows the device to “drift” (upward or downward)
toward a comfort boundary temperature. Once the boundary
temperature is reached, the duty cycle begins again until the
inside temperature reaches, or is within a given tolerance of,
the set point which ends the duty cycle.

Therefore, drift is the time it takes for a climate-controlled
device to move from the set point to the upper or lower
comfort boundary. Drift is calculated and recorded for each
service point and for each device associated with the service
point. The inverse of drift is “power time” which is the time it
takes for the device to move from the comfort boundary to the
set point.

Drift may also occur during a control event. A control event
is an action that reduces or terminates power consumption of
a device. During a control event, a climate-controlled device
will drift toward maximum or minimum control event bound-
aries (upper or lower) until it reaches that boundary which is
normally outside the comfort boundary. Once it reaches the
control event boundary, the ALMS returns power to the
device to enable it to reach the set point again.

As an example, an HVAC system may have a set point of
72.degree. and a minimum and maximum temperature of
68.degree. and 76.degree., respectively. On a cold day, a
control event would cause the HVAC system to begin to lose
power and move toward the minimum temperature. Once the
structure reaches the minimum temperature, the control event
would end, and power would be restored to the HVAC system,
thus causing the temperature to rise toward the preferred
temperature. A similar but opposite effect would take place on
a warm day.

In some embodiments, drift, as well as other measurements
available from the active load director data base 124, are used
to create an energy consumption pattern for each service
point. Additional measurements may include vacancy times,
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sleep times, times in which control events are permitted, as
well as variability factors referred to previously.

A device that resides within an energy-efficient structure
will have a tendency to cool or heat more slowly, thus exhib-
iting a lower rate of drift. These devices may be subject to
control events for longer periods of time, commensurate with
the rate of drift, because it takes them longer to drift to a
comfort boundary.

In another embodiment, the active load director server 100
identifies service points that have an optimum drift for power
savings. The power savings application 120 calculates drift
for each service point and saves that information in the active
load director data base 124.

The embodiments disclosed also make use of the “intelli-
gent load rotation” concept. Intelligent load rotation uses
machine intelligence to ensure that the same service points
are not always selected for control events, but distributes
control events over a service area in some equitable way.

There are a variety of ways in which intelligent load rota-
tion may be implemented. In one embodiment of intelligent
load rotation, service points are simply selected in a sequen-
tial list until the end is reached, after which selection starts at
the top of the list again. This is a fairly straightforward
approach that may be implemented by any one skilled in the
art.

The present invention further includes a basic intelligent
load rotation algorithm. In general, the algorithm goes
through each service point within a group of service points,
and sends control events to each of those service points until
enough energy savings have been obtained.

In its most basic form, the algorithm first identifies a group
selection criteria as indicated in logic block. This may be as
simple as all service points or may be more complex, such as
selecting service points within a specified drift or within a
specified geographic area. The group selection criteria may
include, but is not limited to, any of the following: (1) random
selection of service points; (2) drift; (3) grouping of logical
geodetic points by a utility; (4) efficiency rating of appli-
ances; (5) ALD customer preferences; (6) capacity of devices;
(7) proximity to transmission lines; (8) pricing signals (both
dynamic and static); and (9) service priority, based upon an
emergency situation (i.e. fire, police, hospital, elderly, etc.),
the required level of operating reserves from market partici-
pant, grid operator, EMS, and equivalent.

The algorithm then identifies an individual service point
selection criterion as indicated in logic block. This is the
criterion for selecting individual service points within a
group. In its simplest embodiment, this criterion involves
sequential selection of service points within the group. Other
criteria may include random selection, selection based on
number of previous control events, or other criteria.

Next, the algorithm creates a candidate list of service
points based on the group selection criteria as indicated in
logic block. From this list, the algorithm selects a service
point based on the individual service point selection criteria
as indicated in logic block. The ALMS then sends a control
event to the selected service point as indicated in logic block,
and calculates the energy savings of that control event based
on drift calculation as indicated in block. The algorithm then
determines if more energy savings are needed to reach the
savings target as indicated in decision block. If not, then the
ALMS records where the algorithm ended in the candidate
list as indicated in block 1824 and exits. If more energy
savings are needed, then the ALMS determines if any more
service points are in the candidate list as indicated in decision
block. If there are no more service points in the candidate list,
then the algorithm returns to the beginning of the candidate



US 9,207,698 B2

45

list again in logic block. Otherwise, if there are more service
points in the candidate list, the algorithm simply returns to
logic block.

In an alternate embodiment, decision block may be modi-
fied to determine if more service points are to be selected from
this group.

There are many other embodiments of intelligent load rota-
tion. Many embodiments are based on the group selection
criteria. Service points may be grouped by geography or some
other common characteristic of service points. For example,
groups might include “light consumers” (because they con-
sume little energy), “daytime consumers” (because they work
at night), “swimmers” (for those who have a pool and use it),
orother categories. These categories are useful to the utility or
market participant, grid operator, EMS, or equivalent for
quickly referring to customers with specific energy demo-
graphics. The utility or market participant, grid operator,
EMS, or equivalent may then select a number of service
points in each group for control events to spread control
events among various groups.

In another embodiment, optimum drift can be used as the
group selection criteria. Because those service points will use
the least energy, the utility may want to select those service
points that are the most energy efficient.

In another embodiment, a group of service points is
selected that have had the fewest control events in the past.
This ensures that service points with the most control events
in the past will be bypassed in favor of those who have
received fewer control events.

In another embodiment, with reference to FIGS. 24-25,
drift is used as a means of intelligent load rotation. As data is
collected by the ALMS or ALC/ALD combinations, it is
possible to calculate the total drift of a device over time, as
shown in FIG. 24. The calculation for one service point rep-
resents one vector on the graph. Each vector represents the
drift for a single service point. To identify the service points
with the optimal drift, the ALD 100 determines the median
drift and all service points having a drift that is within one
standard deviation away from that median. That represents
the shaded area in the graph depicted in FIG. 25. If sufficient
service points cannot be found that are within one standard
deviation, then the second standard deviation can be selected.

In another embodiment, energy consumption patterns in
customer profiles are used to identify service points that are
the best targets for excess power sharing. This would occur
when renewable energy such as solar or wind is added to the
grid, resulting in power that cannot be compensated for by the
grid. This could occur, for example, on very windy days.
When this happens, utilities or market participant, grid opera-
tor, EMS, or equivalent are faced with the problem of what to
do with the excess energy. Instead of cutting power to service
points in order to affect power savings, a utility, market par-
ticipant, grid operator, EMS, or equivalent could add energy
to service points in order to effect power dissipation. The
service points selected by the utility may be different (or even
the inverse) of those selected for power savings. The devices
at these service points would be turned on if they were off or
set points for climate-controlled devices would be adjusted to
heat or cool more than normal. Spread out over many control
points, this can provide the energy dissipation needed.

In a further embodiment, energy consumption patterns
within customer profiles could be used to identify opportuni-
ties for up selling, down selling, or cross selling. These oppor-
tunities may be determined by the power utility or by its
partners. Data from customer profiles may be used to provide
insights on inefficient devices, defective devices, or devices
that require updating to meet current standards. Customer
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profile data may also be used to identify related sales oppor-
tunities. For example, if energy consumption patterns suggest
that the customer may be very interested in personal energy
conservation, then sales efforts could be directed toward that
individual concerning products related to that lifestyle. This
information can be used by the utility or its partners to provide
incentives to customers to buy newer, updated devices, or
obtain maintenance for existing devices. The customer is
given the option to opt out of having his customer profile used
for sales and marketing efforts, or for regulating energy con-
servation. The customer profile makes use of open standards
(by way of example and not limitation, the CPExchange
standard) that specify a privacy model with the customer
profile. The use of consumption patterns in this manner is
governed by national, state, or local privacy laws and regula-
tions.

A further embodiment of using customer profiles to iden-
tify sales opportunities involves the use of device information
to create incentives for customers to replace inefficient
devices. By identifying the known characteristics and/or
behavior of devices within a service point, the invention iden-
tifies those customers who may benefit from replacement of
those devices. The invention estimates a payback period for
replacement. This information is used by the ALC/ALD
operator to create redemptions, discounts, and campaigns to
persuade customers to replace their devices.

Furthermore, customer profiles when combined with char-
acteristics about the load consuming devices, the structure or
building that consumes electricity, or a combination of many
human & thermodynamic factors, weather (both forecasted &
actual), can assist utilities, REPs, market participants, or
Demand Response Aggregators (commonly referred to as
Curtailment Service Providers or “CSPs” who are themselves
Market Participants) form unique energy consumption data
and “curves” that would provide a utility, REP, Market Par-
ticipant, CSP or any other entity that has been granted per-
mission by the Grid Operator or governing body of the elec-
tric utility grid, to create estimated and actual Power Supply
Values for how much power is available to remove from the
grid under the positive control of both the consumer and the
utility, REP, CSP, Market Participant or grid operators. The
system uses the information and selects based upon the pro-
files and quality of the devices to give the most PSV for
operating reserves back to the grid with minimized tangible
impact on the consumer or the device following a curtailment
event.

FIG. 31 provides a schematic diagram illustrating analytics
for how the system and methods of the present invention
provides additional operating (e.g., regulating, spinning and/
or non-spinning) reserve to a power utility, market partici-
pant, grid operator, etc. FIG. 32 illustrates a screen shot of an
exemplary web browser interface through which a customer
may designate his or her device performance and energy
saving preferences for an environmentally-dependent, power
consuming device in accordance with one embodiment of the
present invention; FIG. 33 is a graph that depicts a load profile
of a utility during a projected time period, showing actual
energy usage as well as projected energy usage determined
with and without a control event, in accordance with an exem-
plary embodiment of the present invention; automated com-
puter program allows for determination of which devices for
curtailment as FIG. 24 is a diagram illustrating an exemplary
curve for power consuming devices within the system,
wherein each device has its own curve based upon factors;
and FIG. 25 illustrating generation of an exemplary sampling
repository at the active load director associated with the
devices and the curve of F1G. 24 to determine which buildings
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or homes are more energy efficient; these are better targets
because they maintain conditions at curtailment longer with-
out deterioration (e.g., heat loss, cool loss of home, etc.)
power efficiency, thermodynamic efficiency, then control
based upon the reserve that is being dispatched, thereby cre-
ating “bands” of operating reserves based upon prioritization
within the system.

According to the present invention, PSV may be generated
by methods including information relating to baselining his-
torical load, estimating based upon curves, real-time or near-
real-time value, and combinations thereof. Advantageously,
the present invention provides active load management met-
rics, including PSV, much better than merely statistical esti-
mate for a command as with prior art; PSV also further
provides for steps of measurement and settlement. FERC
requires that the settlement credits provide at point where it
occurs; so then settlement information follows the transac-
tion; most preferably, according to the present invention,
settlement occurs in real time or near real time, as in financial
transactions or other commodity transactions, such as for
natural gas supply. Also, preferably, there is a defined interval
that is accepted or acceptable by the governing entity for the
electric power grid, wherein each transaction is recorded as it
occurs. Furthermore, the present invention provides for IP
real-time communications that provide for settlement of the
curtailment by load-consuming devices at or approximate to
the time of the transaction, i.e., the curtailment. Also, prefer-
ably, there is data that provides supporting evidence attached
with the IP real-time communication of the acceptance of the
load control event, and then automatically recorded in a
settlement database. Also, some information related to this
transaction and its settlement is transmitted to the energy/
curtailment purchaser, and then also the seller is paid accord-
ing to the PSV and/or PTB related to the curtailment event.

These Power Supply Values (PSVs) and Curves created by
the consumer, the consumption habits, data mining and the
thermodynamic properties of the load consuming devices and
whatever these load consuming devices are attached to pro-
vide a method and apparatus such that the consumer experi-
ence is not negatively impacted and that small amounts of
electric consumption can be collected from the profiles and
provided to a utility, grid operator, market participant, REP or
CSP and sold back to the electric grid in the form of Operating
Reserves or other Demand Response/Curtailment Programs
where the individual profiles when combined with a plurality
of profiles created marketable Power Trading Blocks as so
long as these blocks can meet the operational requirements of
the grid operators/utilities and are utilized either by an pro-
cessor, database, and active load intelligence that supplies the
grid operator, utility wth sufficient information so that the
profile derived Operating Reserve can be monetized as
directed by FERC Order 745 or any subsequent FERC Orders
that result in curtailment/demand response to have economic
value to the consumer and the utility, market participant, CSP,
REP or any other entity that is authorized to aggregate and
monetize curtailment and operating reserves back to the elec-
tric utility grid.

Power Trading Blocks (PTBs) are dependent upon the grid
operator or ISO; there must be enough curtailment or supply
for the grid operator to accept, settle, and monetize. At this
time, the PTB is 100 kWatts in most electric power grids, such
as a conventional utility or independent system operator or
grid or microgrid operator. Generally, the power available as
operating reserves is traded in larger amounts, PTB size, to be
significant enough to beneficially stabilize the grid and its
operating reserves. At this time, the regional trading organi-
zation or geographic-specific grid and corresponding regula-
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tions therefor, determine the PTB size, which typically
requires the aggregation of load from a multiplicity of con-
sumers, residential or commercial, to reach a minimum PTB
size or PTB unit. The PTB unit, combined with the PSV, and
the real-time secure communications used with ALC/ALD
function to lower the size of the minimum PTB required to
form a PTB unit for grid reception and settlement purposes.
The commercial impact determines the minimum PTB size,
which corresponds to a PTB unit, due to cost and timing of
communication of the information related to the curtailment
event(s) and response by the device(s), and how aggregation
of'load curtailment by the multiplicity of devices is managed
to ensure maximum compensation to the customer(s) associ-
ated with the device(s) for the curtailment event, with mini-
mum negative physical impact to those consumers and/or
devices from the curtailment event.

Customer profiles may also be dynamic. An example of
this would be the ability for a consumer (commercial or
residential) to utilize real time communications from an elec-
tric utility grid, market, market participant, utility, REP, CSP
orany other entity authorized on behalf of the consumer to act
on their behalf to control load consuming devices owned by
the consumer and connected to the electric utility grid. A
consumer may received this information through a plurality
of methods utilizing IP based communications methods and
web based devices such as smart phones, computers, text
messages, paging messages, or even voice response units or
live customer service agents. Under this real time scenario, a
consumer could dynamically “Opt In” to a predetermined
customer profile or “Opt Out” or more importantly change the
profile dynamically to take advantage of real time market
pricing of electricity being sold by the utility, market partici-
pant, REP or any entity authorized to buy, sell and trade
electric commodity or demand response products on behalfof
the consumer.

Alternative methods that may also be considered is a pro-
cessor based consumer profiles where multiple “what if”
scenarios based upon time of use, pricing, pricing triggers,
comfort and unforeseen events such as natural disasters are
contemplated. Under these scenarios, the customer profile
may automatically be changed by the processor/database
apparatus, the end devices themselves or a “learning” algo-
rithm whereby the consumer allows an intelligent program-
ming “Artificial Intelligence” capability to predict and act on
the consumer’s behalf without any intervention by the con-
sumer required, but with the corresponding Operating
Reserves and Power Supply Values communicated in real
time or near real time sufficient for the utility, REP, Market
Participant, CSP or other authorized entity to act and trade
these Operating Reserves created by the aggregation of the
consumer profiles through the plurality of systems and appa-
ratus’ to act individually or connected and networked
together to act as one resource through an energy manage-
ment system or some other approved processor/database/
cloud based system that can aggregate the sum of the profiles,
determine the Power Supply Values, create the operating
reserves via the profiles and send the appropriate command &
control commands through various IP based communications
methods to effect the devices, permitted through these pro-
files, to perform either curtailment (or consumption) to cre-
ated the appropriate Operating Reserve product.

Customer Profiles are also important in the operation of the
new renewable markets to include electric vehicle operations.
Charging operations of electric vehicles have the potential
effect of negatively impacting the operation of the electric
grid by causing unpredictable peaks and distribution system
stress if too many vehicles are charging simultaneously, so
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then billing from different charging locations but associated
with a specific electric vehicle provide for settlement therefor.
Furthermore the problem of settlement of charging in foreign
locations from the consumers “home” charging station has
not been addressed. Consumer profiles are a very important
component of this solution as the location of the EV, the cost
of power at the point of a re-charging event, the remaining
capacity of the on-board batteries and the ability to dispatch
excess capacity to the electric grid via an Active Load Direc-
tor or intelligent charging station are all components of Cus-
tomer Profiles that can also be utilized for the economic
advantage of both the consumer, the utility, market partici-
pant, REP or CSP. Dynamic pricing transmitted to the car via
an IP message or via a “smart phone”, text or through the
charging station directly combined with set or dynamic pro-
files as previously described when aggregated with other
EVs.

It should be noted that many terms and acronyms are used
in this description that are well-defined in the telecommuni-
cations and computer networking industries and are well
understood by persons skilled in these arts. Complete descrip-
tions of these terms and acronyms, whether defining a tele-
communications standard or protocol, can be found in readily
available telecommunications standards and literature and
are not described in any detail herein.

It will be appreciated that embodiments or components of
the systems described herein may be comprised of one or
more conventional processors and unique stored program
instructions that control the one or more processors to imple-
ment, in conjunction with certain non-processor circuits,
some, most, or all of the functions for managing power load
distribution, and tracking and controlling individual sub-
scriber power consumption and savings in one or more power
load management systems. The non-processor circuits may
include, but are not limited to, radio receivers, radio transmit-
ters, antennas, modems, signal drivers, clock circuits, power
source circuits, relays, meters, smart breakers, current sen-
sors, and customer input devices. As such, these functions
may be interpreted as steps of a method to distribute infor-
mation and control signals between devices in a power load
management system. Alternatively, some or all functions
could be implemented by a state machine that has no stored
program instructions, or in one or more application specific
integrated circuits (ASICs), in which each function or some
combinations of functions are implemented as custom logic.
Of course, a combination of the two approaches could be
used. Thus, methods and means for these functions have been
described herein. Further, it is expected that one of ordinary
skill in the art, notwithstanding possibly significant effort and
many design choices motivated by, for example, available
time, current technology, and economic considerations, when
guided by the concepts and principles disclosed herein, will
be readily capable of generating such software instructions,
programs and integrated circuits (ICs), and appropriately
arranging and functionally integrating such non-processor
circuits, without undue experimentation.

Additionally, measurement, verification, settlement for the
PSV for those market participants involved in the power
management of the system is further included in the applica-
tion of the present invention.

In the foregoing specification, the present invention has
been described with reference to specific embodiments. How-
ever, one of ordinary skill in the art will appreciate that vari-
ous modifications and changes may be made without depart-
ing from the spirit and scope of the present invention as set
forth in the appended claims. For example, the present inven-
tion is applicable for managing the distribution of power from
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utility companies to subscribing customers using any number
of IP-based or other communication methods. Additionally,
the functions of specific modules within the ALD server 100
and/or active load client 300 may be performed by one or
more equivalent means. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to be
included within the scope of the present invention.

Benefits, other advantages, and solutions to problems have
been described above with regard to specific embodiments of
the present invention. However, the benefits, advantages,
solutions to problems, and any element(s) that may cause or
result in such benefits, advantages, or solutions to become
more pronounced are not to be construed as a critical,
required, or essential feature or element of any or all the
claims. The invention is defined solely by the appended
claims including any amendments made during the pendency
of this application and all equivalents of those claims as
issued.

Certain modifications and improvements will occur to
those skilled in the art upon a reading of the foregoing
description. The above-mentioned examples are provided to
serve the purpose of clarifying the aspects of the invention
and it will be apparent to one skilled in the art that they do not
serve to limit the scope of the invention. All modifications and
improvements have been deleted herein for the sake of con-
ciseness and readability but are properly within the scope of
the present invention.

What is claimed is:

1. A system for managing power on an electric power grid
that is constructed and configured for supplying and receiving
power from a multiplicity of sources, where the power flows
to a plurality of power consuming devices or is generated by
a plurality of power generation and storage solutions that are
energized, de-energized, and/or power-reduced by a plurality
of controllable devices, the system comprising:

a server comprising a command processor operable to
receive or initiate power control commands and issue
power control event messages responsive thereto, at
least one of the power control commands requiring a
reduction in an amount of electric power consumed by
the plurality of power consuming devices;

an event manager operable to receive the power control
event messages, maintain at least one power manage-
ment status relating to each client device and issue
power control event instructions responsive to the power
control event messages that may be initiated from a
market participant, a utility, or an electric grid operator;

a database for storing information relating to power con-
sumed by the plurality of power consuming devices and
generating a Power Supply Value (PSV) for each of the
plurality of power consuming devices based upon his-
torical consumption, real-time consumption and base-
line consumption data for each of the plurality of power
consuming devices; wherein the PSV is a monetary sup-
ply equivalent value; and wherein the PSV provides for
a curtailment value as a requirement for providing sup-
ply to the power grid;

a client device manager in communication with the event
manager and the database, the client device manager
selecting from the database, based on the PSV for each
of the plurality of power consuming devices, at least one
client device to which to issue a power control message
indicating at least one of an amount of electric power to
be reduced and identification of at least one controllable
device to be instructed to disable a flow of electric power
or reduce settings corresponding to power consumption
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to one or more associated power consuming devices
responsive to receipt of a power control event instruction
requiring a reduction in a specified amount of electric
power; and

a device control manager in communication with the at

least one controllable device for issuing a power control
instruction to the at least one controllable device respon-
sive to the received power control message;

wherein the power control instruction causes the at least

one controllable device to selectively disable a flow of
electric power to at least one associated power consum-
ing device for reducing consumed power; and

wherein the system is operable for providing operating

reserves for grid stability of the electric power grid; and
wherein the system is operable for providing operating
reserves based upon the reduction in the specified
amount of electric power, by aggregating the PSV of
each of the plurality of the power consuming devices to
provide at least one Power Trade Block (PTB) unit.

2. The system of claim 1, wherein information stored in the
database further includes a status of the power consuming
device(s).

3. The system of claim 1, wherein the specified amount of
electric power corresponds to required operating reserves
relating to an energy management system (EMS).

4. The system of claim 1, wherein the event manager, the
client device manager, and the device control manager are
integrated with each of the controllable device(s).

5. The system of claim 1, wherein the event manager, the
client device manager, and the device control manager are
constructed and configured in integrated communication with
each of the controllable device(s).

6. The system of claim 1, wherein the event manager, the
client device manager, and the device control manager are
constructed and configured within the housing of each of the
controllable device(s), and operably coupled thereto, and to
each other.

7. The system of claim 1, wherein the event manager, the
client device manager, and the device control manager are
constructed and configured external to the housing of each of
the controllable device(s), and operably coupled thereto, and
external to the housing of and operably coupled with each
other.

8. The system of claim 1, wherein the event manager, the
client device manager, and the device control manager are
constructed and configured external to the housing of each of
the controllable device(s), and in electronic communication
therewith.

9. The system of claim 1, wherein at least one of the event
manager, the client device manager, and the device control
manager is operably coupled with one another and/or the
controllable device(s).

10. The system of claim 1, wherein for each of the control-
lable device(s) the server generates a second power supply
value (PSV) corresponding to the reduction in consumed
power.

11. The system of claim 1, wherein the system is operable
for providing revenue grade metrology for real-time, near
real-time, or the timing required by the grid operator entity for
generating operating reserves for grid stability.

12. The system of claim 1, wherein the system is operable
for providing revenue grade metrology for real-time, near
real-time, or the timing required by the grid operator entity for
generating operating reserves for grid stability, whether the
compensation for generating the operating reserves is settled
in real time or later.
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13. The system of claim 1, wherein the system is operable
for providing telemetry for communication of revenue grade
metrology for real-time, near real-time, or the timing required
by the utilities, market participants and grid operators for
generating operating reserves for grid stability.

14. The system of claim 1, wherein the event manager
aggregates the power supply values corresponding to the
power consuming devices.

15. The system of claim 1, wherein the power supply value
(PSV) associated with each of the power consuming device(s)
is determined based upon requirements from a governing
authority for the electric power grid for meeting the minimum
requirements for the operating reserves for the electric grid.

16. The system of claim 1, wherein the client device man-
ager is responsive to provide stability for the electric grid.

17. The system of claim 1, wherein the power control
commands include a power inquiry command requesting the
server to determine an amount of electric power available for
temporary reduction from supply by a requesting electric
utility, market participant or electric power grid operator(s)
and wherein the command processor issues an associated
power control event message responsive to the power inquiry
command, the server further comprising: a utility database
that stores current power usage information for the at least
one electric utility or electric power grid operator(s), wherein
the event manager accesses the utility database responsive to
receipt of the associated power control event message and
communicates a response to the power inquiry command
indicating the amount of power available for temporary
reduction based on the current power usage information and
a corresponding Power Supply Value (PSV).

18. The system of claim 17, wherein the amount of power
available for temporary reduction based on the current power
usage information and the corresponding PSV is provided in
a minimum power trading block (PTB), wherein the mini-
mum PTB is determined by the governing body for electric
power grid.

19. The system of claim 17, wherein the amount of power
available for temporary reduction based on the current power
usage information and the corresponding PSV is aggregated
to form a minimum PTB, wherein the minimum PTB is
determined by the governing body for electric power grid.

20. The system of claim 17, wherein the amount of power
available for temporary reduction based on the current power
usage information and the corresponding PSV is aggregated
to form at least one PTB, and the power provided to the
electric power grid as operating reserves.

21. The system of claim 1, wherein the client device man-
ager receives from each client device at least one power
consumption indicator and at least one power management
status.

22. The system of claim 21, wherein customer profiles
include PSV and PTB information.

23. The system of claim 1, wherein customer profiles,
status and ability to change states are generated based upon
instructions provided by market participants to any web-en-
abled device through an interface.

24. The system of claim 1, wherein the database further
includes information, on a per controllable device basis, relat-
ing to a maximum amount of time during which flow of
electric power may be disabled or reduced by a particular
controllable device.

25. The system of claim 1, wherein the database further
includes information, on a per client device basis, relating to
a maximum amount of time during which flow of electric
power may be disabled or reduced by the at least one control-
lable device.
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26. The system of claim 1, further comprising: a power
savings application that computes a total amount of electric
power saved by each customer participating in the system
during a power reduction event, as well as PSV, PTB, or
combinations thereof.

27. The system of claim 26, further comprising: a carbon
savings application that determines an amount of carbon
saved by the customer during the power reduction event
affecting the customer based on the amount of electric power
saved by the customer as computed by the power savings
application.

28. The system of claim 27, wherein the power savings
application further computes an amount of electric power
saved by an electric utility, a market participant or electric
power grid operator(s) participating in the system during a
power reduction event affecting the electric utility, a market
participant or electric power grid operator(s).

29. The system of claim 28, further comprising: a carbon
savings application that determines an amount of carbon
saved by the electric utility or electric power grid operator(s)
during the power reduction event affecting the electric utility
or electric power grid operator(s) based on the amount of
electric power saved by the electric utility, the market partici-
pant or electric power grid operator(s) as computed by the
power savings application and computed to the Power Supply
Value.

30. The system of claim 1, further comprising: a client
interface that facilitates communication of the power control
message to the at least one client device.

31. The system of claim 30, wherein the client interface
comprises an [P-based interface.

32. The system of claim 31, wherein the IP-based interface
is selected from the group consisting essentially of World-
wide Interoperability for Microwave Access (WiMAX), High
Speed Packet Access (HSPA), Evolution for Data Only
(EVDO), Long Term Evolution (LTE), any first or second
generation wireless transport method such as EDGE, or Code
Division Multiple Access, Ethernet, any proprietary Layer
1-3 protocol that contains or is capable of transporting an
Internet Protocol message, and combinations thereof.

33. The system of claim 1, where the power control mes-
sage contains a derived Power Supply Value that meets the
minimum requirements for measurement, verification and
reporting accuracy as determined by the Governing Entity
that regulates the operation of the electric power grid that
includes utilities, market participants and/or grid operators.

34. The system of claim 1, further comprising: a security
interface operable to receive security system messages from
at least one remotely-located security system; and a security
device manager coupled to the security interface and operable
to route the security system messages to at least one external
security service based on predetermined messaging options.

35. The system of claim 34, wherein the security interface
is standards based as determined by the governing entity that
regulates grid operations for utilities, market participants or
grid operators.

36. The system of claim 34, wherein the predetermined
messaging options are established on a per customer or per
security service basis and are included in program instruc-
tions that control operation of the security device manager.

37. The system of claim 36, wherein the predetermined
messaging options include at least one of sending an email,
pre-recorded voice call through a plurality of voice networks
(landline, wireless, paging, or IP) or text message alert to an
appropriate security service company upon occurrence of a
security event and passing a received security system mes-
sage directly onto an appropriate security service company.
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38. The system of claim 1, wherein control messages have
a priority of delivery consisting of a plurality of methods to
include priority access flags, virtual private networks, inde-
pendent identifying addresses (MAC, IP, Electronic Serial
Numbers), manufacturers specific identifying codes, or com-
binations thereof, wherein the methods comply with stan-
dards as determined by the governing entity that regulates
grid operations for utilities, market participants or grid opera-
tors.

39. The system of claim 1, wherein the system further
includes at least one mobile device having at least one access
point name (APN) for providing a priority of delivery for the
control messages.

40. The system of claim 1, wherein the plurality of power
consuming devices are operated by at least one customer of
the at least one electric utility, market participant, or electric
power grid operator(s), the server further comprising: a cus-
tomer sign up application operable to receive load manage-
ment preferences from the at least one customer, wherein the
load management preferences include parameters for manag-
ing power consumption by the plurality of power consuming
devices.

41. The system of claim 40, wherein the load management
preferences further include indications as to whether the at
least one customer desires to receive a notification when a
power management event occurs affecting one or more of the
plurality of power consuming devices.

42. The system of claim 41, wherein the system utilizes
some or all of the information provided by the grid operator,
market participant, or utility to automatically or manually
through a plurality of communications methods (smart
phone, computer, text response, phone message) elect to cur-
tail or consume power to effect a change to the normal opera-
tion of a plurality of power consuming power devices in
exchange for credits, economic/monetary incentives, rewards
programs, or carbon/green credits.

43. The system of claim 42, further comprising: a master
event manager operable and responsive to issuance of the
power control message or responsive to a 3’ party server that
manages the stability, of the electric grid to notify one or more
customers operating one or more power consuming devices
affected by the power control message that a power manage-
ment event is in process based on the load management pref-
erences of the one or more customers.

44. The system of claim 1, further including a mobile
processor, memory, stored database and standards based mes-
saging interfaces to communicate directly with power con-
suming devices or power supply devices that program con-
sumer preferences or pre-determined programs established
by a utility, market participant, grid operator, or consumer at
the point of installation.

45. The system of claim 1, wherein the plurality of power
consuming devices are operated by at least one customer of
the at least one electric utility, grid operator, micro-grid
operator, and/or other market participant as defined by a
governing agency that oversees grid operations, the server
further comprising: a customer sign up application operable
to receive load management preferences from the at least one
customer, wherein the load management preferences include
parameters for managing power consumption by the plurality
of power consuming devices during power management
events.

46. The system of claim 1, wherein a power supply value
(PSV) indicates a compensation provided for power supply
associated with the curtailment.

47. The system of claim 46, further including aggregation
of PSV from a multiplicity of power consuming devices to
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form at least one PTB, and wherein the compensation is based
upon operating reserves created and market pricing for those
reserves.
48. The system of claim 46, wherein the compensation
includes capacity compensation, energy compensation, oper-
ating reserves compensation to include ancillary services and
other grid stabilizing services, including voltage support,
black start, cold load pick up, conservation voltage reduction,
and/or any other reserve or embodiment of operating reserves
created by the system.
49. The system of claim 46, wherein the power supply
value (PSV) is generated based upon requirements of a gov-
erning entity for the power grid operating region and opera-
tional regulations.
50. The system of claim 1, wherein the power control
message indicates at least one of an amount of electric power
to be reduced and an identification of a controllable device to
beinstructed to disable a flow of electric power to one or more
associated power consuming devices.
51. The system of claim 1, further comprising: a commu-
nications interface facilitating communications between the
load management server and the client device, wherein the
device control manager communicates at least one power
consumption indicator, the PSV, and at least one power man-
agement status to the load management server via the com-
munications interface.
52. The system of claim 51, wherein the at least one power
consumption indicator includes a power consumption indica-
tor associated with each controllable device and wherein the
at least one power management status includes a power man-
agement status associated with each controllable device.
53. The system of claim 51, wherein the communications
interface comprises an IP-based interface.
54. The system of claim 1, wherein the power control
message includes Internet Protocol addresses of one or more
controllable devices to be instructed to disable a flow of
electric power to one or more associated power consuming
devices.
55. The client device of claim 54, further comprising: a
Layer-3 router operable to receive an Internet Protocol (IP)
message that includes an IP address and determine whether
the IP message is directed to the client device or an Internet-
accessible device coupled to the client device; and an IP
device interface, coupled to the Layer-3 router, that receives
the IP message from the Layer-3 router when the IP message
is directed to an Internet-accessible device coupled to the
client device and communicates the IP message to the Inter-
net-accessible device.
56. A method for managing power on an electric power grid
that is constructed and configured for supplying and receiving
power from a multiplicity of sources, where the power flows
to a plurality of power consuming devices or is generated by
a plurality of power generation and storage solutions that are
energized, de-energized, and/or power-reduced by a plurality
of controllable devices, the method steps comprising:
initiating power control commands and issuing power con-
trol event messages responsive thereto by a server,
wherein at least one of the power control commands
requires a reduction in an amount of electric power
consumed by the plurality of power consuming devices;

receiving the power control event messages by an event
manager, including at least one power management sta-
tus relating to each client device, and issuing power
control event instructions responsive to the power con-
trol event messages;

storing in a database, information relating to power con-

sumed by the plurality of power consuming devices and
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generating a Power Supply Value (PSV) based upon
historical consumption, real-time consumption and
baseline consumption data for each of the plurality of
power consuming devices; wherein the PSV is a mon-
etary supply equivalent value; and wherein the PSV
provides for a curtailment value as a requirement for
providing supply to the power grid;
selecting by a client device manager from the database,
based on the PSV for each of the plurality of power
consuming devices, at least one client device to which to
issue a power control message indicating at least one of
an amount of electric power to be reduced and identifi-
cation of at least one controllable device to be instructed
to disable a flow of electric power to, or reducing the
amount of power consumed by, one or more associated
power consuming devices responsive to receipt of a
power control event instruction requiring a reduction in
a specified amount of electric power;

issuing a power control instruction by a device control
manager to the at least one controllable device, respon-
sive to the received power control message; and
the power control instruction causing the at least one con-
trollable device to disable the flow of electric power to,
or reduce the power consumed by, at least one associated
power consuming device for reducing consumed power,

thereby generating operating reserves for grid stability
based upon the amount of reduction of power consumed
by the power consuming device(s); and

wherein the method is operable for providing operating

reserves based upon the reduction in the specified
amount of electric power, by aggregating the PSV of
each of the plurality of the power consuming devices to
provide at least one Power Trade Block PTB unit.

57. The method of claim 56, further comprising the step of:
based upon the reduction in consumed power, generating a
second power supply value (PSV) corresponding to the
reduction in consumed power.

58. The method of claim 56, wherein the power control
event messages are based upon inputs initiated from a market
participant, a utility, or an electric grid operator.

59. An apparatus for use in managing power on an electric
power grid that is constructed and configured for supplying
and receiving power from a multiplicity of sources, wherein
the power flows to a plurality of power consuming devices or
is generated by a plurality of power generation and storage
solutions that are energized, de-energized, and/or power-re-
duced by a plurality of controllable devices, the apparatus
comprising:

an event manager and a client device manager constructed

and configured in communication with a device control
manager;

wherein the event manager, client device manager and the

device control manager are constructed and configured
for communication with a server comprising a command
processor operable to receive or initiate power control
commands and issue power control event messages
responsive thereto, at least one of the power control
commands requiring a reduction in an amount of electric
power consumed by the plurality of power consuming
devices; and

wherein the event manager, client device manager and the

device control manager are constructed and configured
for communication with a database for storing informa-
tion including at least one power management status
relating to each client device and generating a Power
Supply Value (PSV) based on historical consumption,
real-time consumption and baseline consumption data
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for each of the plurality of power consuming devices,
and the event manager is operable to issue power control
event instructions responsive to the power control event
messages; wherein the PSV is a monetary supply
equivalent value; and wherein the PSV provides for a
curtailment value as a requirement for providing supply
to the power grid; and

wherein the client device manager is operable for commu-

nication with an event manager and a database, the client
device manager operable for selecting from the data-
base, based on the PSV for each of the plurality of power
consuming devices, at least one client device to which to
issue a power control message indicating at least one of
an amount of electric power to be reduced and identifi-
cation of at least one controllable device to be instructed
to disable a flow of electric power or reduce settings
corresponding to power consumption to one or more
associated power consuming devices responsive to
receipt of a power control event instruction requiring a
reduction in a specified amount of electric power; the
power control instructions operable for causing the at
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least one controllable device to selectively enable and
disable a flow of power to the power consuming de-
vice(s); and

wherein the device control manager operates in communi-

cation with the at least one controllable device for issu-
ing a power control instruction to the at least one con-
trollable device, responsive to the received power
control message, the power control instruction causing
the controllable device(s) to disable a flow of electric
power to at least one associated power consuming
device for reducing consumed power, and based upon
the reduction in consumed power, wherein the reduction
in consumed power provides operating reserves for grid
stability for the electric power grid; and

wherein the event manager, client device manager and the

device control manager are operable for providing oper-
ating reserves based upon the reduction in the specified
amount of electric power, by aggregating the PSV of
each of the plurality of the power consuming devices to
provide at least one Power Trade Block (PTB) unit.
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